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MAGNETIC  AND  OTHER  PROPERTIES  OF  IRON-ALUMINUM 
ALLOYS  MELTED  IN  VACUO 


I.    Introduction 

IT  is  the  purpose  of  this  bulletin  to  record  the  results  of  experi- 
ments to  determine  the  magnetic  and  allied  properties  of  iron- 
aluminum  alloys  melted  in  vacuo.  Previous  investigations  to 
determine  these  properties  of  pure  iron,*  iron-boron  alloys,t  and  iron- 
silicon  alloys,  t  melted  in  vacuo,  have  been  reported  in  earlier  bul- 
letins. Because  of  the  similarity  of  many  properties  of  aluminum  and 
silicon,  the  same  remarkable  results  were  expected  from  the  iron- 
aluminum  as  from  the  iron-silicon  alloys.  To  some  extent  these  have 
appeared.  The  results  obtained,  although  not  covering  every  phase 
of  the  subject,  include  the  magnetic,  electrical,  and  mechanical  prop- 
erties. Chemical  analysis  and  photomicrographs  are  also  presented 
for  a  number  of  the  alloys. 

The  chemical  analysis  was  in  charge  of  Mr.  J.  M.  Lindgren  of 
the  Chemistry  Department;  the  methods  used  for  the  determination 
of  aluminum  are  described  by  Mr.  Lindgren  in  the  Appendix.  The 
photomicrographs  were  prepared  by  Mr.  F.  E.  Rowland,  also  of  the 
Chemistry  Department.  Mr.  H.  R.  Fritz,  Research  Fellow  in  the 
Engineering  Experiment  Station,  has  rendered  valuable  service 
throughout  the  year  as  general  assistant  in  connection  with  the  investi- 
gation. Besides  acknowledging  their  indebtedness  to  those  persons 
who  have  been  directly  connected  with  the  work,  the  authors  also  wish 
to  express  their  appreciation  to  many  others  who  have  been  of  service 
to  them.  Among  these  it  is  particularly  desired  to  mention  Professor 
E.  B.  Paine,  acting  head  of  the  Electrical  Engineering  Department. 
Aluminum  was  first  used  in  the  industries  in  connection  with 
copper  to  form  aluminum  bronzes,  and  it  was  this  application  of  it 
that  stimulated  investigators  to  develop  methods  of  manufacture 
capable  of  producing  it  at  a  cost  which  would  warrant  its  use  in  large 
quantities.    It  is  well  known  today  that  aluminum  occurs  in  nature 


•"Magoetlc  and  Other  Properties  of  Electrolytic  Iron  Melted  In  Vacuo.'*  Univ.  of 
ni.  Bng.  Bzp.  Sta.»  Bal.  72.  1014.     Trans.  Am.  Inst.  Elect  Engrs.,  vol.  33,  I,  p.  451. 

t**The  Effect  of  Boron  Upon  the  Magnetic  and  Other  Properties  of  Electrolytic  Iron 
Melted  in  Vacuo.**     Univ.  of  IlL  Bng.  Exp.  Sta..  Bnl.  77,  1915. 

^'Magnetic  and  Other  Properties  of  Iron-Slllcon  Alloys  Melted  In  Vacuo.*'  Univ. 
of  111.  Eng.  Exp.  Sto..  Bul.  83.  1015.  Proc.  Am.  Inst.  Elect  Engrs.,  vol.  34.  p.  2455. 
Oct.  1015.     Proc  Am.  Inst  Mining  Engrs..  p.  482,  Feb..  1916. 
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only  in  the  form  of  oxides  and  that  it  is  one  of  the  stablest  oxides  to 
be  found,  so  stable  that  the  only  way  of  reducing  it  to  its  metallic 
state  is  by  means  of  electrolysis.  This  fact  early  suggested  its  use  for 
the  purpose  of  reducing  other  oxides,  and  it  was  in  the  capacity  of  a 
reducer,  deoxidizer,  or  degasifier,  that  it  very  early  became  the  friend 
of  the  iron  and  steel  maker.  For  this  purpose  aluminum  soon  became 
a  serious  competitor  of  silicon,  in  spite  of  the  high  cost  of  aluminum 
in  its  early  days.  Many  were  the  wonderful  qualities  attributed  to 
this  new  metal.  A  large  number  of  these,  however,  existed  only  in 
the  imagination  of  their  advocates  and  were  soon  disproved. 

Among  the  well-established  properties  of  aluminum,  the  follow- 
ing are  perhaps  the  most  important:  • 

a.  Aluminum  when  added  to  molten  iron  will  reduce  iron  oxide 
to  metallic  iron.  Furthermore,  it  will  reduce  CO  or  CO2  gases  to  free 
carbon  and  thus  degasify,  quiet  the  bath,  and  prevent  blowholes  during 
solidification  and  cooling.  If  the  iron  is  suflSciently  liquid,  the  AUOg 
formed  will  pass  to  the  surface;  if  it  is  not,  the  AljOg  will  become 
entangled  in  the  iron,  increase  the  viscosity,  and  cause  the  iron  to  be 
more  or  less  unsound. 

6.  When  added  in  sufficient  quantities,  2  to  5  per  cent,  aluminum 
will  cause  carbon  to  be  completely  precipitated  as  graphite  and  thus 
transform,  for  example,  white  cast  iron  into  gray  iron.  If  10  to  20 
per  cent  aluminum  is  added,  however,  the  carbon  may  all  be  in  the 
combined  form  FegC. 

c.  As  the  heat  of  combustion  liberated  by  the  oxidation  of 
aluminum  is  much  greater  than  that  absorbed  by  the  reduction  of  iron 
oxides,  clearly  illustrated  by  the  use  of  thermite  in  welding  iron,  the 
addition  of  aluminum  to  oxidized  iron  or  steel  causes  a  rise  in  the 
temperature  of  the  bath.  This  fact,  and  not  any  appreciable  lowering 
of  the  melting  point,  is  the  cause  of  the  higher  fluidity  noticed  when 
a  small  percentage  of  aluminum  is  added  to  the  bath.t 

The  metallographic  investigation  of  iron-aluminum  alloys  was 
first  systematically  undertaken  by  the  Alloys  Research   Committee 

*Birmin?ham  Eng.  Jour.,  vol.  8,  pp.  138-145.  Transactions  Am.  Inst.  Mln.  Bngrs., 
vol.  18.  pp.  102-122,  1889-90.  Journal  Iron  and  Steel  Inst.,  vol.  ST,  I.  pp.  112-133,  1890. 
Transactions  Am.  Inst.  Mln.  Engrs..  vol.  18,  pp.  835-58.  1889-90.  The  Bug.  and  Mln. 
.Tour.,  vol.  50,  p.  213,  rev.  vol.  42,  p.  265.  Iron  &  Steel  Trades  Jour.,  vol.  43.  pp.  309,  399. 
Transactions  Am.  Inst.  Mln.  Engrs..  vol.  20,  p.  233.  1891.  Jour.  Soc.  of  Chem.  Ind.. 
vol.  12,  p.  239,  1893. 

tJournal  Iron  and  Steel  Inst.,  vol.  38,  II,  pp.  161-230,  1890. 
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of  the  Institution  of  Mechanical  Engineers,*  and  later,  more  exten- 
sively, by  Gwyer.  t  The  eqnilibrium  diagram  according  to  the  latter 
is  shown  in  Fig.  1.  This  diagram  shows  that  iron  and  aluminum, 
when  liquid,  dissolve  in  each  other  in  any  proportion.     Up  to  an 
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Fig.  1.    Equilibbium  Diagram  or  Ibon-Aluminxjm  Alloys  Aocording  to  Gwyeb 

aluminuin  content  of  50  per  cent  mixed  crystals  are  at  first  formed 
upon  solidification,  but  as  the  solid  solution  becomes  saturated  with 


•Rpt.  Alloys  Research  Committee,  Proc.  Inst.  Mech.  Engrs.,  No.  2,  pp.  238-297,  1805. 
tZ.  Anorg.  Ctaem.,  toI.  57.  pp.  113-53.  1908. 
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an  aluminum  content  of  34  per  cent,  any  excess  above  this  amount  will 
be  precipitated  as  solidification  proceeds.  Alloys  containing  less  than 
34  per  cent  aluminum  will  suflEer  no  precipitation  of  any  constituent 
during  cooling  and,  therefore,  at  ordinary  temperatures  will  consist 
of  mixed  crystals  of  iron  and  aluminum.  The  lowering  of  the  melting 
point  of  iron  due  to  small  percentages  of  aluminum  is  very  slight. 
Even  for  a  10  per  cent  aluminum  content  the  melting  point  is  lowered 
only  about  10  degrees.  This  shows  conclusively  that  the  increased 
fluidity  of  iron,  previously  referred  to,  which  is  obtained  by  adding 
less  than  0.1  per  cent  aluminum,  can  not  be  due  to  the  lowering  of  the 
melting  point.  With  an  aluminum  content  of  59  per  cent,  the  com- 
pound FeAlj  crystallizes  out  during  solidification  and  leaves  behind 
liquid  aluminum,  which  freezes  at  653  degrees.  The  theory  suggested 
by  previous  writers,  that  the  liberation  of  heat  noticed  upon  adding 
a  small  amount  of  aluminum  to  molten  iron  might  be  due  to  the  forma- 
tion of  compounds  of  iron  and  aluminum,*  is,  therefore,  at  variance 
with  the  evidence  just  presented.  The  only  explanation  of  the 
described  phenomenon  which  has  stood  the  test  of  investigation  is  that 
the  heat  liberated  is  due  to  the  formation  of  AljOj. 

Prom  these  investigations  it  appears  that  within  the  region 
studied  in  the  present  research,  namely  0  to  10  per  cent  aluminum, 
the  alloys  all  consist  of  mixed  crystals  of  iron  and  aluminum,  just  as 
the  iron-silicon  alloys  described  in  Bulletin  83  all  consisted  of  mixed 
crystals  of  iron  and  silicon.  The  photomicrographs  of  Gwyer,  Guillet, 
and  Hadfield  confirm  the  deductions  just  stated. 

The  mechanical  properties  of  iron-aluminum  alloys  have  been 
studied  by  Hadfield,  t  St3rffe,t  and  Guillet,  §  who  all  agree  that 
aluminum  in  quantities  up  to  5  per  cent  has  very  little  influence  upon 
the  mechanical  properties  of  iron.  When  more  than  5  per  cent  is 
used,  however,  the  alloys  are  slightly  stronger  in  tension,  but  become 
brittle.  Hadfield,  whose  alloys  contained  about  0.2  per  cent  carbon, 
found  the  limit  of  forgeability  between  5.6  and  9.14  per  cent  aluminum 
content,  while  Guillet  found  the  limit  between  7.18  and  9.25  per  cent 
for  alloys  containing  0.8  per  cent  carbon.  The  results  by  these  three 
investigators  are  shown  graphically  in  Fig.  6. 

The  effect  of  aluminum  on  the  magnetic  properties  of  iron  was 


*Joanial  Iron  and  Steel  Inst.,  vol.  38,  II,  p.  170.  1890. 
tJournal  Iron  and  Steel  Inst.,  vol.  88,  II,  pp.  161-280,  1890. 
tOesterelch  Z.,  fur  das  Berg — HQtten — und  Salinenwesen,  vol.  41,  p.  536,  1893. 
5Rev.  de  Metal.  Memoirs,  vol.  2,  pp.  812-327,  1905.     Journal  Iron  and  Steel  Inst., 
vol.  70.  II,  p.  16.  1906. 
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studied  to  some  extent  in  the  early  nineties  *  after  the  beneficial  effect 
of  this  element  as  a  purifier  of  iron  and  steel  had  been  definitely  estab- 
lished. It  remained  for  Hadfield,t  however,  to  make  the  first  iron- 
aluminum  alloys  which  had  better  magnetic  qualities  than  those  of 
the  purest  iron  obtainable  at  the  time.  His  2.25  and  5.5  per  cent 
aluminum  alloys  as  tested  by  Barrett  showed  a  higher  permeability 
and  a  lower  hysteresis  loss  than  did  the  purest  Swedish  charcoal  iron 
(see  Table  1). 

Table  1 
Magnetic  and  Electbical  Propbbtibs  of  Hadfisld's  Iron-Aluminum  Alloys 


Mark 


A1 


Max. 
Permea- 
bility 


Permea- 
bility 
for 
H-8 


Max. 

Induction 

for 

H-45 


Reten- 
tivity 

in 

Terms 

of  B 


Coercive 
Force 

in 
Terms 
of  H 


Hvateresis 

loss  Ergs  per  c.  c. 

per  cycle 

for  for 

H-45      B-9000 


Specific 
Electrical 

Resist- 
ance 
Microhms 


S.C.I. 

B 
1167  D 
1167  H 
11671 


.00 

.00 

.76 

2.26 

6.50 


4000 
6  666 


1700 
1626 
1500 
1700 
1200 


16  800 
16  000 
16  900 
13000 


10800 
9  770 
10  500 
10  500 
4  160 


1.10 
1.66 
1.80 
1.00 
1.00 


abt.  8  600 
10  760 
11000 
8000 
6600 


2334 
1443 


10.2 
10.9 
22.0 
39.0 
70.0 


Prom  the  results  shown  in  the  table  and  those  previously  obtained 
with  silicon,  t  aluminum  and  silicon  appear  to  have  very  similar  eflfects 
upon  the  magnetic  properties  of  iron. 

Dillner  and  Engstrom  §  have  investigated  the  effect  of  aluminum 
and  silicon  on  the  magnetic  properties  of  sheet  iron  as  well  as  of  cast- 
ings. They  found  that  silicon  reduced  the  permeability  and  increased 
the  hysteresis  loss  in  sheets,  but  not  in  castings,  and  that  aluminum 
had  the  opposite  effect.  Furthermore,  it  was  found  that  a  combination 
of  silicon  and  aluminum  gave  the  best  results  for  sheets. 

The  main  objection  to  employing  aluminum  formerly  was  its  high 
cost.  While  silicon,  in  the  form  of  ferrosilicon,  could  be  obtained  at 
a  cost  of  12  cents  per  pound  of  the  element,  the  cost  of  aluminum  was 
nearly  $2  per  pound.  On  this  account  silicon  was  employed  in  mak- 
ing steel  for  magnetic  purposes,  and,  having  given  universal  satisfac- 
tion both  with  regard  to  the  hysteresis  loss  and  to  aging,  it  has 
retained  its  place.     In  spite  of  the  reduced  cost  of  aluminum,  there 


The 


*TraDsactioD8  Am.  Inst.  Elect  Engrs.*  vol.  9,  pp.  250-262  (and  Discussion). 
Electrician.  toI.  29,  p.  475.  1893. 

tSclentiflc  Trans.  Royal  Dublin  Soc,  toI.  7,  ser.  2,  pp.  67-126.  .Tan.,  1900.     Journal 
Inst.  Elect  Bngrs..  vol.  31,  pp.  674-729,  1902. 

tSclentiflc  Trans.  Royal  Dublin  Soc,  voL  7,  ser.  2,  pp.  27-126,  Jan.,  1900. 

fiJonmal  Iron  and  Steel  Inst,  vol.  67,  I,  pp.  474-480,  1906. 
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has  appeared  to  be  no  decided  advantage  in  changing  from  silicon 
steel  to  aluminum  steel.  Investigators  have  turned  their  attention 
toward  improving  and  perfecting  silicon  steel  while  comparatively 
little  investigational  work  has  been  recorded  regarding  iron-aluminum 
alloys,  particularly  regarding  their  magnetic  properties.  It  is  hoped, 
therefore,  that  the  present  investigation  will  prove  to  be  of  interest 
not  only  on  account  of  the  vacuum  method  employed,  but  also  because 
it  is  one  of  the  few  systematic  investigations  on  the  subject. 

II.    Material,  Apparatus,  and  Methods* 

The  iron  used  as  the  basis  of  the  investigation  was  doubly  refined 
electrolytic  iron  containing  0.01  per  cent  carbon  or  less  and  about 
0.01  per  cent  silicon.  It  was  cleaned  with  HCl.  distilled  water,  and 
alcohol,  and  then  dried  by  means  of  ether  in  vacuo. 

The  aluminum  used  as  the  alloying  material  analyzed  as  follows : 

Si  0.20  per  cent 

Fe    0.17    ''       '' 

C nil 

Al  (by  diff.) 99.63    *'      '* 

The  melting  was  done  in  magnesia  crucibles  in  an  Arsem  type 
vacuum  furnace  capable  of  melting  600  grams  of  iron ;  the  pressure 
was  less  than  1  mm.  of  mercury.  Attempts  were  first  made  to  melt 
the  iron  and  the  aluminum  together,  but  this  method  had  to  be  given 
up  for  two  reasons.  First,  the  melting  point  of  aluminum  is  so  low 
compared  with  that  of  iron,  that  a  considerable  portion  of  aluminum 
evaporated  before  the  iron  was  in  a  condition  to  combine  with  it. 
Furthermore,  the  aluminum  vapor  interfered  with  the  operation  of 
the  furnace  in  such  way  that  the  voltage  could  not  be  maintained  at 
a  suflSciently  high  value  to  melt  the  iron  completely.  The  result  was 
that  the  AljO.,  formed,  instead  of  rising  to  the  surface,  became  en- 
tangled in  the  iron,  often  completely  enclosing  pieces  of  iron  and 
resulting  in  imperfect  ingots.  Second,  as  will  be  shown,  on  ac- 
count of  the  power  of  aluminum  at  hig:h  temperatures  to  reduce  CO 
gas,  this  method  of  melting  was  certain  to  introduce  more  or  less 


•Pop  further  iDformation  see  "Ma^etlc  and  Other  Properties  of  Electrolytic  Iron 
Melted  In  Vacno."  UnlT.  of  Ul.  Enp.  Exp.  Sta.,  Bui.  72,  1914 ;  and  "Magnetic  and 
Other  Properties  of  Iron-Slllcon  Alloys  Melted  in  Vacuo."  Unly.  of  111.  Eng.  Bxp.  Sta.. 
Bui.  83.  1015. 
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carbon  into  the  alloys.  It  became  necessary,  therefore,  first  to  melt 
the  iron  and  then,  towards  the  end  of  the  operation,  to  drop  in  the 
aluminum.  This  was  accomplished  without  opening  the  furnace  by 
suspending  the  aluminum  (in  the  form  of  a  wire  or  rod)  from  a  very 
fine  wire  extended  between  insulated  binding  posts  which  passed 
through  the  cover  of  the  furnace.  In  order  to  drop  the  aluminum,  the 
fine  wire  was  fused  by  connecting  the  binding  posts  for  a  moment 
to  the  terminals  of  the  furnace.  This  method  made  it  necessary  to 
use  a  cover  with  a  hole  in  it  over  the  crucible,  together  with  a  funnel 
to  direct  the  rod  into  the  crucible. 

It  has  already  been  mentioned  as  a  well  established  fact  that 
aluminum  at  high  temperatures,  when  added  to  molten  iron  for  in- 
stance, will  reduce  CO  gas  and  thus  liberate  free  carbon.  That  it  will 
do  so  even  at  lower  temperatures  has  been  shown  by  Stead,*  and  in 
the  present  investigation  this  has  been  further  confirmed. 

It  is  evident  that  whatever  gases  remain  in  the  vacuum  furnace 
must  consist  largely  of  carbon  monoxide.  During  the  first  trial  experi- 
ments with  the  aluminum  suspended  from  the  top  of  the  furnace,  it 
was  noticed,  upon  examining  the  aluminum  after  the  operation,  that 
the  lower  end  of  the  wire  was  coated  with  a  grayish  substance.  This 
substance  was  evidently  the  mixture  of  carbon  and  AljOj  mentioned 
by  Stead.  The  lower  the  wire  reached,  and  consequently,  the  hotter 
it  became,  the  larger  the  portion  of  it  which  became  coated.  In  order 
to  prevent  the  wire  from  becoming  hot,  it  was  made  as  short  as  pos- 
sible and,  during  the  later  part  of  the  investigation,  was  protected 
from  direct  radiation  by  means  of  an  iron  tube  extending  down  into 
the  furnace.  But  even  with  these  precautions  the  tip  of  the  wire  or 
rod  was  always  slightly  coated,  particularly  when  more  than  5  per 
cent  aluminum  was  used.  Moreover,  when  the  aluminum  was  dropped 
in,  it  obviously  became  hot  and  may  have  had  time  in  a  few  cases  to 
reduce  some  CO.  In  these  eases  a  small  amount  of  carbon  was  in- 
variably introduced  into  the  alloy,  generally  not  exceeding  0.02  per 
cent,  but  in  some  cases,  especially  during  the  early  part  of  the  investi- 
gation, amounting  to  0.10  per  cent  or  even  more.  One  alloy  analyzed 
as  high  as  0.65  per  cent  carbon. 

It  is  quite  evident  from  this  discussion  that  in  the  type  of  fur* 
nace  used  it  would  be  out  of  the  question  to  mix  the  iron  and  the 
aluminum,  melt  them  together,  and  expect  to  obtain  an  alloy  with 


^Journal  Iron  and  Steel  Inst.  toI.  88,  II.  p.  190.  1890. 
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a  low  carbon  content.  At  first  this  method  was  used  without  bad  effects 
for  very  low  percentages  of  aluminum  when  the  iron  oxide  present 
evidently  was  sufficient  to  oxidize  both  the  aluminum  and  the  carbon, 
but  the  method  was  abandoned  for  aluminum  contents  above  0.5  per 
cent,  for  the  reasons  already  stated. 

The  alloys  known  or  suspected  to  contain  more  than  0.015  per 
cent  carbon  for  low  aluminum  alloys  and  more  than  0.025  per  cent 
carbon  for  high  aluminum  alloys  have  been  tabulated  separately  in 
order  to  show  the  effect  of  carbon  upon  the  various  properties.  It 
appears  that  the  methods  employed  were  not  ideal,  and  that  small 
amounts  of  carbon  may  have  been  introduced  with  the  aluminum.  It 
is  possible,  therefore,  that  better  results,  magnetically,  might  have 
been  secured  had  a  furnace  been  employed,  having,  for  instance,  a 
tungsten  heating  element. 

The  ingots  were  allowed  to  cool  while  in  vacuo,  and  then  were 
forged  into  rods  and  machined  into  test  pieces. 

The  magnetic  testing  was  done  by  means  of  the  Burrows  compen- 
sated double  bar  and  yoke  method.  It  has  been  previously  shown  • 
that  the  errors  made  by  using  this  method  for  very  high  permeability 
iron  may  be  much  greater  than  theoretical  considerations  would  indi- 
cate, but  no  corrections  have  been  made  in  the  present  case,  it  being 
desired  that  the  results  given  in  this  bulletin  be  comparable  with 
those  given  in  the  previous  bulletin  on  iron-silicon  alloys.  Further- 
more, the  question  of  corrections  is  a  complicated  one  and  has  by  no 
means  been  definitely  settled,  for  the  amount  of  compensating  current 
needed  to  equalize  the  flux  along  the  rod  depends  largely  upon  the 
uniformity  of  the  rods  used.  This  question  is  further  discussed  in 
the  Appendix.  The  Appendix  contains  also  additional  data  obtained 
from  ring  specimens,  showing  that  for  permeabilities  not  exceeding 
20,000,  the  results  obtained  with  the  Burrows  method  may  be  relied 
upon  as  being  very  close  to  the  correct  values. t 

The  tests  for  electrical  resistance  were  made  by  means  of  a  Kel- 
vin double  bridge,  using  standardized  iron  rods  for  comparison,  t 
For  the  mechanical  testing  an  Olsen  10,000  pound  testing  machine 
was  employed,  and  the  usual  characteristics  were  obtained.    The  rods 


•"Magnetic  and  Other  Properties  of  Iron-Slllcon  Alloys  Melted  In  Vacuo.**  UnlT. 
of  ni.  Bng.  Bxp.  Sta..  Bui.  88,  pp.  24-27,  1915. 

t*'Magnetlc  and  Other  Properties  of  Iron-Slllcon  Alloys  Melted  In  Vacuo."  Univ. 
of  111.  Eng.  Bxp.  Sta.,  Bui.  83.  Appendix,  1015. 

tThe  standardization  was  done  by  the  Leeds  and  Nortbrup  Co. 
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were  tested  magnetically  and  electrically  after  the  following  heat 
treatments : 

a.  As  forged 

b.  Annealed  at  900  degrees  C.     Cooled  at  the  rate  of  30 

degrees  per  hour 

c.  Annealed  at  1,100  degrees  C.    Cooled  at  the  rate  of  30 

degrees  per  hour 

Mechanical  tests  were  made  on  unannealed  specimens  and  on 
specimens  heated  to  1,000  degrees  C.  and  then  cooled  at  the  rate  of  30 
degrees  C.  per  hour.  The  heat  treatment  was  applied  in  vacuo  in 
order  to  prevent  oxidation,  a  vacuum  of  0.2  to  0.1  mm.  being  main- 
tained during  the  treatment.  The  specimens  were  packed  in  powdered 
magnesia  in  an  electroquartz  tube. 

III.    Chemical  Analysis 

The  marked  effect  of  aluminum  and  silicon  upon  the  electrical 
resistance  of  iron  is  well  known.  One  per  cent  of  either  element  added 
to  iron  will  more  than  double  its  electrical  resistance,  and  the  increase 
is  nearly  proportional  to  the  amount  added.  Furthermore,  the  resist- 
ance is  not  appreciably  affected  by  mechanical  or  thermal  treatments. 
These  facts  furnish  an  excellent  opportunity  for  establishing  the 
aluminum  content  of  iron  which  contains  only  small  amounts  of 
impurities.  This  opportunity  has  been  used  to  advantage  in  the  pres- 
ent case.  A  few  alloys  were  selected  the  aluminum  content  of  which, 
as  determined  approximately  by  the  aluminum  added  to  the  iron, 
covered  the  range  studied.  After  the  magnetic  and  electrical  tests 
on  these  alloys  were  completed,  the  test  rods  were  placed  in  a  lathe, 
the  surface  layer  was  removed,  and  fine  shavings  were  collected  from 
along  the  rods  in  sufficient  quantities  for  duplicate  chemical  analysis. 

The  results  of  this  analysis  *  are  given  in  Table  2,  Column  3 ;  from 
these  figures  and  those  for  the  electrical  resistance,  given  in  Column  5, 
the  curve  in  Fig.  2  showing  the  relation  between  the  resistance 
and  the  aluminum  content  was  established.  The  aluminum  content 
of  all  the  other  alloys  for  which  electrical  resistance  measurements 
could  be  made,  was  then  determined  by  means  of  the  curve  in  Fig.  2. 
The  values  thus  obtained  have  been  checked  by  further  analysis  and 
found  to  be  within  the  limits  of  accuracy  desired. 


*Tbe  method  used  is  described  by  Mr.  J.  M.  Llndgren  In  the  Appendix. 
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It  was  stated  in  the  previous  chapter  that,  due  to  the  conditions 
of  melting  and  to  the  reduction  of  CO  by  aluminum,  a  large  number 
of  the  alloys  contained  carbon.  Therefore,  a  careful  weeding  of  the 
alloys  was  made. 


Table  2 
List  op  Alloys  and  Their  Chemical  Analysis 


Aliiminum 

Specific 
Eleo. 
Resist- 

Alumi- 

Ck>ntent 

Carbon 

num 

Content 

Content 

No. 

Per  Cent 

Per  Cent 

Per  Cent 
by  Chem. 
AnalyaiB 

ance 
Annealed 

from 

Res. 

Curve 

Per  Cent 

Remarks 

As 
Charged 

bv  Chem. 
Analysis 

atllOO* 
C.  Mi- 
crohms 

3  Al.  05 

0.1 

0 

10.2 

0.02 

) 

06 

0.2 

0 

10.4 

0.05 

07 

0.3 

Trace 

10.4 

0.05 

08 

0.4 

Trace 

9.9 

0.00 

Aluminum  mixed  with  iron  before 

09 

0.5 

0.09 

6!65 

11.0 

0.09 

melting. 

10 

0.6 

0.11 

12.0 

0.18 

11 

0.7 

0.09 

. » . . 

10.9 

0.08 

• 

Classed  as  contaminated. 

12 

1.0 

14.4 

0.40 

18 

6!ii 

12.6 

0.23 

19 

6!6 

9.7 

0.00 

20 

1.0 

o'.oi 

19.2 

0.80 

21 

2.0 

0.01 

30.2 

1.80 

22 

.... 

0.02 

15.3 

0.45 

Classed  as  contaminated. 

23 

'3!6 

0.01 

39.7 

2.67 

24 

4.0 

3.63 

0.06 

49.0 

3.58 

25 

5.0 

4.83 

0.16 

57.7 

4.52 

26 

7.63 

0.45 

,  Classed  as  contaminated. 

27 

'7!6 

8.10 

0.09 

8i!4 

7!95 

28 

12.36 

0.65 

29 

13.05 

0.38 

30 

'6.2 

ii'.6 

6!69 

31 

0.4 

11.1 

0.09 

32 

0.6 

11.6 

0.10 

33 

0.8 

14.1 

0.37 

34 

1.0 

6.02 

12.4 

0.22 

)  Classed  as  contaminated. 

35 

1.5 

15.0 

0.44 

Al. 

36 

2.0 

6'.73 

18.0 

0.69 

>      apparently  dissolved  in  the  iron. 

37 

2.5 

19.0 

0.78 

1  Consequently  carbon  believed  to 

be 

39 

3.0 

13.7 

0.32 

1      high. 

40 

3.4 

3!3i 

43.9 

3.08 

41 

3.9 

57.8 

4.54 

42 

4.4 

51.2 

3.82 

43 

4.8 

57.9 

4.55 

45 

5.7 

63.5 

5.20 

46 

6.7 

siso 

6!62 

67.7 

5.72 

47 

8.60 

0.13 

84.3 

8.75 

Classed  as  contaminated. 

49 

'ele 

70.4 

6.24 

50 

i!55 

29.4 

1.70 

51 

*7!7 

6!ii 

66.1 

5.63 

The  alloys  obtained  by  mixing  the  aluminum  with  the  iron  before 
melting  includes  Nos.  3  Al  05-17.  Of  these,  only  Nos.  Al  05-08 
were  retained  as  being  uncontaminated ;  the  ingots  for  Alloys  Nos. 
3  Al  13-17  were  decidedly  unsound.  Those  in  the  next  series, 
3  Al  18-29,  inclusive,  were  prepared  by  dropping  the  aluminum  into 
the  molten  iron.  Most  of  the  alloys  of  this  series  contain  large  amounts 
of  carbon,  for  the  aluminum  was  not  protected  from  undue  heating. 
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Furthermore,  when  a  large  piece  of  aluminum  was  dropped  into  the 
crucible,  such  agitation  resulted  that  some  of  the  molten  iron  un- 
doubtedly came  in  contact  with  the  small  graphite  funnel,  which  was 
used  to  guide  the  aluminum  into  the  crucible.  Finally,  during  the 
melting  of  the  Alloys  3  Al  26,  28,  and  29,  the  MgO  crucible  cracked 


100 


90 


\40 


o 
o 


10 


0  2  4  6  6/0 

/l/um/num  Confenr  as  per  Chemica/z^na/ysfS' percent 

Fig.  2.    Electrical  Resistance  or  Iron-Aluminum  Alloys  Melted  in  Vacuo. 
Annealed  at  1100  Degrees  C. 


and  the  iron  came  in  contact  with  the  graphite  container.  In  the  last 
series,  3  Al  30-51,  inclusive,  an  alundura  or  magnesia  funnel  was 
used,  and  the  aluminum  was  protected  from  undue  heating  by  means 
of  an  iron  tube.  In  this  series,  3  Al  34-39,  inclusive,  were  classed 
as  contaminated  because  the  aluminum  content  of  the  iron  was,  for 
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Table  3 
REauL/rs  op  Mechanical  Tests.    As  Forged 


Alumi- 
num 
Content 
Percent 

Carbon 
Con- 

Yield 

Point 

Ibe.  per 

■q.  in. 

Ult.  Str. 
lbe.per 
•q.  in. 

Per  Cent 

Reduc- 
tion of 

'^: 

tent 
Per 
Cent 

Before 
Neck- 

Ulti- 
mate 

Area 
Per 
Cent 

Remarks 

ing 

8A1.  19 

0.00 

50700 

54700 

4.0 

26.0 

84.3 

05 

0.02 

40200 

46400 

5.0 

28.0 

93.4 

31 

0.09 

48400 

46200 

3.0 

28.0 

88.4 

20 

0.80 

01 

86300 

86500 

25.0 

86.9 

Broke  outside  punch  marks. 

50 

1.70 

79100 

83400 

3.6 

3.0 

6.8 

21 

1.80 

01 

63600 

64800 

3.0 

20.0 

82.8 

23 

2.67 

01 

47700 

59700 

13.0 

36.0 

81.6 

Broke  outside  punch  marks. 

40 

3.08 

68200 

77500 

4.0 

21.0 

76.4 

42 

3.82 

73400 

77800 

3.0 

25.0 

82.7 

41 

4.54 

57600 

66300 

8.0 

28.0 

82.6 

43 

4.55 

81800 

84400 

2.5 

23.0 

81.6 

45 

5.20 

80000 

82800 

1.0 

20.0 

84.3 

46 

5.72 

02 

78400 

86700 

5.0 

26.0 

82.6 

40 

6.24 

77700 

86000 

5.0 

28.0 

74.7 

CONTAMINATED    ALLOYS 


8A1.  11 

0.08 

39200 

46360 

11.0 

33.0 

89.8 

34 

0.22 

02 

58600 

64400 

1.0 

12.0 

55.0 

39 

0.32 

84800 

88700 

3.0 

22.0 

79.6 

35 

0.44 

62000 

72100 

6.0 

22.0 

73.5 

36 

0.69 

77700 

83300 

8.0 

25.0 

82.5 

37 

0.78 

79700 

84900 

3.0 

20.0 

73.6 

Broke  outside  punch  marks. 

24 

3.58 

06 

61400 

75300 

7.0 

25.0 

76.8 

Broke  outside  punch  marks. 

25 

4.52 

16 

90800 

96600 

1.0 

1.0 

2.5 

51 

5.53 

11 

89100 

96600 

0.0 

0.5 

2.1 

26 

7.63 

45 

71900 

71900 

1.0 

1.0 

0.5 

27 

7.95 

09 

72800 

84100 

11.0 

27.0 

76.6 

47 

8.75 

13 

64900 

73600 

5.0 

18.0 

36.3 

28 

1312.6 

65 

85200 

90500 

1.5 

1.5 

7.5 

Broke  outside  punch  marks. 

29 

03.5 

38 

96500 

115000 

0.0 

0.5 

2.6 
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Table  4 
Results  of  Mechanical  Tests.    Annealed  at  1000  Degrees  C. 


^ 

Alumi- 
num 
Content 
Per  Cent 

Carbon 
Con- 
tent 
Per 
Cent 

Yield 
Point 
lU.per 
■q.  m. 

Ult.  Str. 
lU.  per 
•q.  m. 

Elongation 
Per  Cent 

Reduc- 
tion of 

Area 

Per 

Cent 

Before 

Neck- 

ing 

Ulti- 
mate 

Remarks 

3  Al.  19 

0.00 

17600 

34900 

33 

60 

93.5 

08 

0.00 

14000 

:t2ino 

29 

48 

65.7 

06 

0.02 

13900 

;ill70 

32 

60 

91.6 

30 

0.09 

13800 

:;r^ti.iO 

27 

50 

84.3 

31 

0.09 

13700 

iiiCi.O 

28 

62 

89.0 

32 

0.10 

14200 

J51KJ0 

31 

57 

91.6 

20 

0.80 

0.01 

21700 

401(10 

26 

56 

91.5 

Flaw  in  Teat  piece. 

21 

1.80 

0.01 

23900 

4(3000 

27 

61 

90  7 

23 

2.67 

0.01 

30100 

4f*l00 

28 

49 

89.0 

40 

3.08 

31800 

o:i4uO 

25 

51 

85.3 

42 
41 
43 

3.82 
4.54 

4.55 

37300 
18100 
41900 

f>'^t«.)0 
60200 

24 
21 
22 

51 
54 

49 

85.1 
86.9 
83.8 

(  Broke  at  punch  mark. 
(  Date  not  plotted. 

45 

5.20 

45000 

61600 

20 

43 

83.8 

46 

5.72 

0.02 

50200 

67400 

18 

40 

79.7 

40 

6  24 

53400 

69800 

11 

27 

65.5 

CONTAMINATED   ALLOTS 


8A1.09 

0.09 

0.06 

21000 

37900 

33 

60 

85.1 

IG 

0.18 

18800 

37100 

24 

63 

79.8 

34 

0.22 

0.02 

13600 

37700 

25 

51 

83.0 

39 

0.32 

60700 

67500 

14 

32 

79.2 

35 

0.44 

21000 

46800 

28 

50 

83.8 

3« 

0.69 

34900 

65300 

24 

49 

83.0 

37 

0.78 

38300 

66800 

24 

48 

86.9 

24 

3.58 

0.06 

39500 

56900 

27 

64 

76.8 

25 

4.52 

0.16 

39200 

60800 

22 

46 

76.9 

51 

6.53 

0.11 

79600 

84800 

1 

1 

2  2 

26 

7.63 

0.45 

58400 

63200 

3 

3 

2.2 

Broke  outside  punch  mark. 

27 

7.96 

0.09 

26100 

50300 

20 

45 

89.5 

47 

8.76 

0.13 

24900 

60300 

21 

50 

85.6 

2S 

12.36 

0.65 

26100 

59000 

4 

4 

6.1 

29 

13.05 

0.38 

91500 

91500 

1 

1 

0.0 

Broke  outside  punch  mark. 
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Fig.  3.    Mechanical  Properties  of  Iron-Aluminum  Alloys  Melted  in  Vacuo. 

As  Forged 
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Pro.  4.    Mechanical  Properties  or  Iron- Aluminum  Alloys  Melted  in  Vacuo. 
Annealed  at  1000  Degrees  C. 
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some  unaccountable  reason,  too  low  on  comparison  with  the  aluminum 
added.  If  the  carbon  introduced  is  in  proportion  to  the  aluminum 
added,  then  the  carbon  content  of  these  alloys  was  quite  out  of  pro- 
portion to  the  aluminum  content. 
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Fio.  5.    Mechanical  Propertibs  or  Iron-Silioon  Allots  Melted  in  Vacuo. 

Annealed 
(From  Bul.  83) 

As  a  check  on  this  weeding,  a  number  of  these  alloys  were  ana^ 
lyzed  for  carbon ;  the  results  of  this  analysis  are  shown  in  Column  4  of 
Table  2.  For  low  aluminum  alloys  a  carbon  content  of  0.015  per  cent 
has  been  allowed ;  for  high  aluminum  alloys,  0.025  per  cent. 
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Fig.   6.    Mxchanioal  Propeeties   of  Ison-Aluminum   Alloys   Aooording   to 

Various  Investigators.    Annealed 


IV.     Results 

1.    Mechanical  Properties, — The  results  of  the  mechanical  tests 
are  shown  in  Tables  3  and  4  and  in  Figs.  3,  4,  7,  and  8.    For  the 
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/lluminum  Confisnt'perce/yt 

Fig.  7.    Mechanical  Propekties  of  Iron-Aluminum  Alloys  Melted  in  Vacuo, 

More  or  Less  Contaminated.    Compared  with  Uncontaminated 

Alloys.    As  Forged 
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Flo.  8.    Meohanical  Properties  op  Iron-Aluminum  Alloys  Melted  in  Vacuo, 

More  or  Less  Contaminated.    Compared  with  Unoontaminated 

Alloys.    Annealed  at  1000  Degress  C. 
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sake  of  comparison,  the  mechanical  properties  of  the  corresponding 
iron-silicon  alloys  are  shown  in  Fig.  5.*  In  Pig.  6  the  results  of  the 
present  investigation  are  compared  with  those  obtained  by  Hadfieldt 
and  Guillet.$  Fig.  9  is  a  photograph  of  some  of  the  mechanical  test 
pieces  after  testing. 

From  the  data  thus  presented,  it  may  be  stated  in  general  that 
aluminum  in  the  absence  of  carbon  increases  the  strength  of  iron  in 
almost  direct  proportion  to  the  amount  added.  Furthermore,  alu- 
minum appears  to  affect  the  toughness  of  iron  only  slightly.  To  what 
aluminum  content  these  rule?  can  be  applied  is  somewhat  uncertain, 
as  no  alloy  containing  more  than  about  6  per  cent  aluminum  uncon- 
taminated  by  carbon  was  obtained.  How  carbon  affects  these  prop- 
erties may  be  judged  frori  Figs.  7  and  8.  It  is  apparent  that  for  alloys 
containing  in  the  neighborhood  of  0.1  per  cent  carbon,  aluminum,  up 
to  at  least  8  per  cent,  has  no  marked  effect  either  upon  the  strength 
or  upon  the  toughness  of  iron.  This  is  especially  evident  in  the  case 
of  the  annealed  alloys.  The  effect  of  small  amounts  of  carbon  is 
particularly  great  upon  nearly  pure  iron ;  it  increases  the  strength  of 
iron  about  50  per  cent.  The  strength  curves  for  alloys  containing 
small  amounts  of  carbon  will,  consequently,  be  nearly  horizontal,  and 
will  cross  the  curves  for  the  more  nearly  carbon-free  alloys  at  4  to  5 
per  cent  aluminum,  where  the  effect  of  carbon  seems  to  be  very  small. 
In  general  the  effect  of  small  amounts  of  carbon  is  to  conceal  the  true 
effect  of  aluminum  upon  the  mechanical  properties  of  iron.  If  the 
results  given  here  for  alloys  with  a  carbon  content  of  about  0.1  per  cent 
are  compared  with  those  given  by  Hadfield  and  Guillet  (see  Fig.  6), 
they  will  be  found  to  be  very  similar.  They  are  more  like  Quillet's 
results,  which  represent  alloys  containing  about  0.1  per  cent  carbon, 
than  Hadfield 's,  whose  alloys  contained  about  0.2  per  cent.  For 
carbon  contents  of  0.4  to  0.6  per  cent  the  alloys  are  forgeable  up  to 
at  least  13  per  cent  aluminum.  This  also  agrees  with  the  results  of 
Guillet.  For  such  carbon  contents,  however,  the  alloys  are  quite 
brittle. 

If  the  effect  of  aluminum  (Fig.  4)  upon  the  mechanical  proper- 
ties is  compared  with  the  effect  of  silicon  (Fig.  5),  it  will  be  seen  that, 
up  to  4.5  per  cent,  silicon  increases  the  strength  much  more  than  does 
aluminum.     On  the  other  hand,  although  2.5  to  4.5  per  cent  silicon 

*Taken   from   "Magnetic  and  Other  Properties  of  Iron-Silicon   Alloys   Melted   In 
Vacuo.'*     UnlT.  of  III.  Eng.  E>zp.  Sta.,  Bnl.  88,  1915. 

tJoarnal  Iron  and  Steel  Inst.,  yol.  38,  II,  pp.  161-280,  1890. 

Ilbid.,  TOl.  70 ;  II.  p.  16,  1906.     flev.  de  Metal.  Memoirs,  vol.  2.  pp.  312-327.  1905. 
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Fig.  9.     Some  of  the  Mechanical  Specimens  After  Being  Tested 
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markedly  increases  the  brittleness  of  iron,  aluminum  has  no  such 
effect.  Furthermore,  silicon  beyond  4.5  per  cent  rapidly  decreases 
both  the  strength  and  the  toughness,  while  aluminum  continues  to 
add  strength  to  the  iron  without  materially  affecting  the  toughness. 

2.    Magnetic  arid  Electrical  Properties, — The  results  of  the  mag- 
netic and  electrical  test  are  shown  in  Tables  5  to  7  and  in  Figs. 


Table  5 

Results  of  Magnetic  and  Electrical  Tests 

Rods  Un annealed 


Rod 
No. 


8XL19 
08 
05 
06 
07 
30 
31 
32 
33 
20 
50 
21 
23 
40 
42 
41 
43 
45 
46 
49 


Alu- 
mi- 
num 
Con- 
tent 
Per 
Cent 


0.00 
0.00 
0.02 
0.06 
0.06 
0.09 
0.09 
0.10 
0.37 
0.80 
1.70 
1.80 
2.67 
3.08 
3.82 
4.54 
4.65 
5.20 
5.72 
6.24 


Car- 
bon 
Con- 
tent 
Per 
Cent 


Maxi- 
mum 
Perme- 
ability 


01 


02 


Density 

for 

Max 

Perme- 
ability 
Gausses 


1500 

3460 

2260 

3120 

3570 

1935 

2180 

1700 

1650 

1620 

2240 

967 

2400 

1067 

880 

688 

763 

616 

585 

600 


6000 
4600 
5200 
5000 
5000 
6000 
4800 
6800 
6600 
6500 
5600 
6000 
4820 
4800 
5300 
4200 
4200 
4000 
4000 
3200 


Permeability 


1162 

2670 

1885 

2100 

2500 

1510 

1665 

1370 

1280 

1260 

1430 

770 

760 

769 

556 

435 

477 

357 

320 

333 


605 
1455 
1036 
1062 
1316 
824 
770 
605 
564 
577 
527 
429 
394 
366 
263 
187 
220 
168 
150 
160 


Hsrsteresis 
Loss  Ergs  per 
CO.  per  Cycle 


6340 


5230 
4200 
5850 
5770 
5890 

84*60 
5080 
7690 
8680 

11950 
9600 

11700 
9860 


10100 


9920 
6620 
10910 
10550 
10630 

14600 
8970 
12840 
15500 
19450 
16000 
17100 
14500 


Retentivity 
Gausses 


5080 


6400 
6000 
6260 
6200 
6580 

5900 
4770 
6100 
4850 
6400 
4500 
4500 
4000 


6560 


7100 
6400 
7300 
6800 


6560 
4870 
6600 
6000 
5800 
4700 
4600 
4160 


Coercive 

Force 
Gilberts 
pwom. 


PQ  U 


1.7 


1.9 
1.6 
2.3 
2.0 
2.1 

3.i 
1.9 
3.0 
3.5 
4.2 
3.2 
4.3 
3.7 


2.1 


2.1 

1.6 

2.35 

2.2 

2.4 

sis 

2.1 
3.2 
3.7 
4.6 
3.5 
4.8 
3.7 


9.7 


11.1 
11.2 
11.6 
14.3 
19.4 

3i!6 
40.2 
44  6 
62.0 
68.0 
59.0 
64.0 
68.6 


CONTAMINATED   ALLOTS 


11 

0.08 

2170 

6000 

1666 

926 

09 

0.09 

0.05 

2410 

4820 

1860 

943 

10 

0.18 

2000 

5600 

1560 

823 

34 

0.22 

0.02 

2000 

6000 

1500 

528 

4400 

7630 

6200 

6700 

1.4 

1.6 

12.7 

18 

0.23 

0.11 

1600 

6000 

1086 

550 

6480 

9600 

6290 

6760 

2.3 

2.3 

12.6 

39 

0.32 

2280 

6600 

1886 

728 

4450 

7750 

4400 

4800 

1.5 

1.6 

14.3 

12 

0.40 

1400 

7000 

1076 

450 

7460 

14000 

6800 

7800 

2.6 

3.1 

14.4 

35 

0.44 

2140 

6000 

1820 

833 

6090 

8400 

7800 

8200 

1.5 

1.9 

15.3 

22 

0.45 

0.02 

1590 

6600 

1390 

667 

6360 

11000 

7106 

8160 

2.2 

2.6 

16.1 

36 

0.69 

1930 

5600 

1430 

625 

4900 

10500 

6800 

7400 

1.7 

2.0 

18.1 

37 

0.78 

1870 

5600 

1470 

760 

4960 

8900 

6400 

7000 

1.7 

1.9 

19.6 

24 

3.68 

0.06 

1070 

4600 

595 

281 

8270 

14000 

6300 

6300 

2.7 

2.7 

49.6 

25 

4.62 

0.16 

573 

4300 

384 

200 

12700 

21900 

5000 

5600 

4.6 

5.1 

57.5 

51 

5.53 

0.11 

770 

3100 

370 

160 

27 

7.95 

0.09 

450 

3600 

202 

104 

11450 

20400 

4000 

4400 

4.7 

4.9 

78.2 

47 

8.75 

0.13 

500 

4000 

... 

... 



.... 
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Table  6 

Results  of  Magnettc  and  Electrical  Tests 

Annealed  at  900  Degrees  G. 


Rod 
No. 


Alu- 
mi- 
num 
Con- 
tent 
Per 
Cent 


Car- 
bon 
Con- 
tent 
Per 
Cent 


Mazi. 
mum 
Perme- 
ability 


Density 
for 
Max 
Perme- 
ability 

Gauaees 


Permeability 


Hystereais 
LoM  Ergs  per 
CO.  per  Cycle 


Retentavity 
Qauasee 


A  I 


m  H 


Coercive 

Force 

Gilberts 

per  cm. 


m  I 


3A1.19 
08 
05 
06 
07 
30 
31 
32 
33 
20 
21 
23 
40 
42 
41 
43 
45 
46 


0.00 
0.00 
0.02 
0.05 
0.05 
0.09 
0.09 
0.10 
0.37 
0.80 
1.80 
2.67 
3.08 
3.82 
4.54 
4.55 
5.20 
5.72 


02 


17800 
30000 
24300 
18500 
18300 
17280 
19500 
22500 
23500 
14000 
10700 
12300 
13800 
12700 
12360 
14600 
14680 
11500 


9000 
12000 
12160 
10000 
7700 
8700 
6400 
9000 
8000 
8000 
11000 
8000 
8000 
7000 
6800 
7200 
7200 
6000 


17760 
29400 
22250 
18500 
16800 
16650 
14500 
20800 
20400 
12500 

9170 
11760 
12500 
10500 

9270 
12560 
11600 

7700 


8290 

25000 

12500 

9100 

10000 

6520 

3840 

3960 

3750 

3960 

3340 

1250 
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Table  7 

Results  of  Magnetic  and  Electbical  Tests 
Annealed  at  1100  Degrees  G. 
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10,  11,  12,  14,  and  15.  In  Pig.  13  the  properties  of  the  iron-silicon 
alloys  annealed  at  1100  degrees  are  given  for  comparison  with  the 
corresponding  iron-aluminum  alloys. 

The  specific  electrical  resistance  unaffected  by  any  heat  treat- 
ment, which  is  about  9.8  microhms  for  pure  iron,  is  seen  to  increase 
by  12  microhms  for  each  per  cent  aluminum  added  up  to  an  aluminum 
content  of  3  per  cent.  For  higher  values  the  increase  falls  off 
gradually. 

Although  the  electrical  resistance  is  unaffected  by  heat  treat- 
ments, the  magnetic  properties,  as  is  well  known,  are  extremely  sensi- 
tive to  them.  From  previous  investigations  on  this  subject,*  it  seems 
probable  that  the  factor  which  determines  the  magnetic  properties 
of  a  certain  iron  or  iron  alloy  is  the  internal  strain  existing  in  the 
metal,  and  that  it  is  the  removal  of  this  strain  by  annealing 
and  slow  cooling  that  is  the  real  cause  of  any  increase  in  permeability 
and  decrease  in  hysteresis  loss.  The  transformation  of  all  the  p-  and 
y-iron  into  a-iron  is  undoubtedly  essential ;  but  in  dealing  with  pure 
iron,  or  with  iron-aluminum  or  iron -silicon  alloys,  this  transforma- 
tion is  supposed  to  take  place  quite  readily,  and  does  not  necessitate 
as  slow  cooling  as  30  degrees  per  hour.  Almost  any  rate  of  cooling, 
short  of  quenching,  seems  to  effect  this  transformation,  though  it  has 
been  shown  repeatedly  that  as  far  as  the  magnetic  properties  are  con- 
cerned, a  cooling  at  the  rate  of  100  degrees  per  hour  is  much  inferior 
to  a  rate  of  30  degrees.  A  slower  rate  than  30  degrees  per  hour  does 
not  appear  to  be  of  any  further  advantage.  Again,  although  the 
transformation  from  y-  to  ^-iron  (if  the  p  modification  actually  does 
exist)  takes  place  at  900  degrees  for  pure  iron,  it  has  been  shown  thatt 
the  most  noticeable  increase  in  permeability  for  low  and  medium 
densities  takes  place  upon  annealing  at  between  700  and  800  degrees  C. 
A  further,  but  much  smaller,  increase  takes  place  upon  annealing  at 
900  degrees.  Finally,  it  was  shown  in  Bulletin  No.  83,  and  it  is  again 
shown  here,  that  slow  cooling  from  1100  degrees  produces  a  higher 
maximum  permeability  and  a  lower  hysteresis  loss  than  cooling  from 
slightly  above  900  degrees.  These  facts  all  favor  the  theory  that,  for 
the  kind  of  iron  dealt  with  in  this  series  of  investigations,  it  is  the 
removal  of  internal  strain  from  the  iron  which  is  of  importance  in 


•'•Maffnetlc  and  Other  Properties  of  Iron-Silicon  Alloys  Melted  In  Vacao."  Univ.  of 
111.  Eng.  Exp.  Sta.,  Bui.  83,  pp.  24-27,  1915. 

t"Magnetlc  and  Other  Properties  of  Electrolytic  Iron  Melted  in  Vacuo."  Univ.  of 
111.  Eng.  Bxp.  Sta..  Bui.  72,  p.  30.  Flpr.  3.  1914. 
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Fig.  10.    Maonstio  and  Elxotbioal  Pbopibths  or  Iron-Aluminum  Alloys 
Mblted  in  Vacuo.    As  Forged 
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Pig.  11.    Magnetic  and   Electrical   Properties   op  Iron-Aluminum  Alloys 
Melted  in  Vacuo.    Annealed  at  900  Degrees  C. 
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Fio.   12.    Magnetio  and  Elbctrioal  Properties  of  Iron-Aluminum  Allots 
Melted  in  Vacuo.    Annealed  at  1100  Degrees  C. 
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Silicon  Comenf -pcncerrr 
Fio.  13.    Maonbtio  and  Eleotbioal  Properties  of  Iron-Silioon  Alloys  Melted 
IN  Vacuo.    Annealed  at  1100  Degrees  C.     (From  Bul.  83) 
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Fio.  14.    Fmx  Density  fob  Various  Magnetizing  Forces 
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Fig.  15.    Magnetic  Properties  op  Iron-Aluminum  Alloys  Melted  in  Vacuo, 

More  or  Less  Contaminated.    Compared  with  Uncontaminated 

Alloys.    Annealed  at  1100  Degrees  C. 
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the  production  of  high  permeability,  low  hysteresis  iron.  The  trans- 
formation of  all  the  iron  into  a-iron  is  then  a  foregone  conclusion. 

Turning  now  to  Fig.  11,  it  is  seen  that  the  maximum  permeability 
for  the  unannealed  alloys  varies  from  3500  for  pure  iron  to  600  for 
a  6  per  cent  alloy.  After  the  alloys  have  been  annealed  at  900  degrees 
these  values  (See  Pig.  12)  increase  to  24,000  and  13,000,  respectively. 
The  annealing  at  1100  degrees  (Fig.  13),  although  not  materially 
affecting  the  pure  iron,  raised  the  maximum  permeability  of  the 
6  per  cent  alloy  to  17,000  and  that  of  the  0.4  per  cent  alloy  to  about 
40,000.  The  maximum  permeability  is  thus  increased  ten  to  thirty 
times,  and  the  permeability  for  B  =  15,000,  two  to  ten  times  by  anneal- 
ing at  900  degrees.  No  further  improvement  takes  place  by  annealing 
at  higher  temperatures:  in  fact,  alloys  low  in  aluminum  show  an 
actual  decrease  in  annealing  at  1100  degrees  (see  Fig.  14).  In  regard 
to  the  latter  point,  it  has  generally  been  found  that  if  pure  iron  pre- 
viously annealed  at  900  degrees  is  annealed  at  a  higher  temperature,  it 
decreases  in  permeability  for  values  of  H  between  20  and  100  gilberts 
per  cm.  For  H  =  200  (Fig.  14)  the  permeability  is  the  same  for  the 
900-  and  1100-degree  annealing;  the  improvement  due  to  annealing 
amounts  to  from  1  to  2  per  cent.  The  saturation  value  is  known  to 
be  practically  unaffected  by  annealing.* 

Annealing  lowers  the  coercive  force  and  the  hysteresis  loss  in 
much  the  same  ratio  as  it  raises  the  maximum  permeability,  the 
minimum  values  occurring  with  an  aluminum  content  of  about  0.25 
per  cent. 

When  the  iron-aluminum  and  the  iron-silicon  alloys  (Figs.  12 
and  13)  are  compared,  the  curves,  as  might  be  expected,  are  similar 
for  the  low  alloys;  both  have  a  maximum  in  the  maximum  permea- 
bility curve  and  a  minimum  in  the  coercive  force  and  hysteresis  curves 
for  about  0.2  per  cent.  The  two  sets  of  curves  are,  however,  dis- 
tinctly different  for  high  alloys.  The  silicon  curves  have  a  second 
maximum  or  minimum  for  from  3.5  to  4  per  cent  silicon,  but  the 
aluminum  curves  are  without  such  points,  the  maximum  permeability 
gradually  decreasing  and  the  hysteresis  loss  and  coercive  force  grad- 
ually increasing  from  the  0.5  per  cent  aluminum  point. 

Although  the  iron-aluminum  series  thus  furnishes  a  high  permea- 
bility, low  hysteresis  alloy  (similar  to  the  low  silicon  alloy),  it  fur- 
nishes none  which  combines  these  properties  with  a  high  electrical 
resistance  in  as  marked  a  degree  as  does  the  3.5  per  cent  iron-silicon 


•Gen.  Elect  Rev.,  vol.  18.  p.  881.  Sept..  1916. 


Digitized  by 


Google 


38  ILIJNOLS   ENGINEERING   EXPERIMENT   STATION 

alloy.  Nevertheless,  the  3.5  per  cent  iron-aluminum  vacuum  alloy  has 
a  maximum  permeability  of  six  times,  and  a  hysteresis  loss  of  only 
one-half,  that  of  the  commercial  3.5  per  cent  silicon  steel.  It  has  been 
shown,  furthermore,  that  the  high  aluminum  alloys  have  the  advan- 
tage over  the  corresponding  silicon  alloys  of  being  much  tougher 
mechanically ;  thus  they  are  more  easily  worked  and  lend  themselves 
to  some  purposes  where  the  silicon  alloys  are  unsuitable  on  account  of 
their  comparative  brittleness.  •  The  effect  of  carbon  on  the  magnetic 
properties  is  illustrated  in  Pig.  15,  where  the  maximum  permeability, 
retentivity,  coercive  force,  and  hysteresis  loss  are  shown  for  a  number 
of  alloys  containing  from  0.02  to  0.16  per  cent  carbon,  and  are  com- 
pared wiih  the  uncontaminated  alloys.  The  bars  have  all  received  the 
same  mechanical  and  thermal  treatment,  finally  being  annealed  at  1100 
degrees.  The  maximum  permeability  attained  by  the  alloys  contain- 
ing about  0.10  per  cent  carbon  is  about  5000  as  compared  with  20,000 
for  the  uncontaminated  alloys.  The  retentivity  for  these  same  alloys 
is  much  lower,  and  the  coercive  force,  except  in  one  case,  much  higher 
than  for  the  purer  alloys.  The  hysteresis  loss  is  from  50  to  100  per 
cent  and,  for  the  low  alloys  containing  0.05  per  cent  carbon,  even 
200  per  cent  higher  than  for  the  corresponding  uncontaminated  alloys. 

3.  Photomicrographs, — Photomicrographs  of  a  number  of  the 
alloys  representative  of  the  iron-aluminum  series  are  shown  in  Pigs. 
16  and  17.  Pig.  16  shows  the  uncontaminated  alloys  and  Pig.  17 
some  of  the  contaminated  ones.  On  the  left  hand  side  are  shown  the 
alloys  as  forged,  and  on  the  right  the  same  alloys  annealed  at  1100 
degrees  C. 

It  is  clearly  seen  from  these  figures  that  iron  and  aluminum  form 
a  solid  solution  as  has  also  been  shown  by  previous  investigators. 
In  the  forged  specimens  the  structure  varies  greatly,  the  size  of  the 
crystals  generally  decreasing  as  the  aluminum  content  increases. 
The  structure  of  3  Al  21  is  the  only  exception  to  this  rule,  the 
crystals  in  this  case  being  unusually  large.  After  the  alloys  have 
been  annealed  at  1100  degrees,  this  nonuniformity  disappears  and  the 
alloys  exhibit  crystals  of  approximately  the  same  size.  Por  the  pure 
iron,  or  for  the  very  low  alloys,  3  Al  08,  05,  and  32,  the  structure 
consists,  as  is  usual,  of  large  crystals  subdivided  into  many  small  ones.* 


•See  ••MagDctlc  and  Other  Properties  of  Electrolytic  Iron  Melted  In  Vacuo."  UdIt. 
of  111.  Eng.  Exp.  Sta..  Bui.  72.  1914. 

"The  Effect  of  Boron  upon  the  MaKoetlc  and  Other  Properties  of  Electrolytic  Iron 
Melted  in  Vacuo."     Univ.  of  111.  Eng.  Ezp.  Sta.,  Bui.  77,  1915. 

''Magnetic  and  Other  Properties  of  Iron-Silicon  Alloys  Melted  In  Vacuo."  Unlr.  of 
111.  Eng.  Dzp.  Sta.,  Bui.  S3.  1915. 
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For  aluminum  contents  of  0.40  per  cent  and  above,  this  subdivided 
structure  does  not  appear,  and  the  remainder  of  the  alloys  are  made 
up  of  more  or  less  regular  crystals. 

In  the  structure  of  the  uncontaminated  alloys  there  is  no  sign  of 
impurities  present;  the  spots  that  appear  are  evidently  due  to  im- 
perfect polishing.  In  the  contaminated  specimens  the  presence  of 
graphite  is  evident  only  in  the  forged  specimen  of  3  Al  25,  containing 
0.16  per  cent  carbon.  After  annealing  at  1100  degrees  this  evidence 
of  graphite  entirely  disappeared.  What  becomes  of  the  carbon  in  this 
case  has  not  been  ascertained.  According  to  previous  investigators 
carbon  in  the  presence  of  4.5  per  cent  aluminum  should  be  completely 
precipitated  as  graphite;  but,  from  the  appearance  of  3  Al  25  an- 
nealed, one  is  led  to  believe  that  the  carbon  has  combined  with  the 
iron  and  aluminum,  unless  it  is  precipitated  in  such  finely  divided 
state  that  it  is  invisible  under  the  magnification  used.  It  is  hoped  that 
this  point  may  be  cleared  by  further  investigation. 

V.    Summary  and  Conclusions 

The  results  recorded  in  the  previous  pages  may  be  summarized 
as  follows : 

a.  The  iron-aluminum  alloys  used  in  this  investigation,  prepared 
by  the  vacuum  method,  are  less  contaminated  by  impurities  than  alloys 
used  by  previous  investigators.  The  alloys  classed  as  uncontaminated 
contain  only  0.01  to  0.02  per  cent  carbon.  Other  alloys  containing 
more  carbon  are  classed  as  contaminated  and  are  used  to  show  the 
effects  of  carbon. 

b.  Aluminum  is  more  powerful  as  a  deoxidizer  than  is  silicon, 
for  it  does  not  commence  to  combine  with  iron  until  all  oxides  present 
are  reduced.  Aluminum  forms  a  solid  solution  with  iron  throughout 
the  range  studied. 

c.  The  tensile  strength  of  the  vacuum  alloys  increases  in  direct 
proportion  to  the  aluminum  content  up  to  at  least  6  per  cent,  the 
ultimate  strength  of  the  latter  being  85,000  pounds  per  square  inch 
(60  kg.  per  sq.  mm.)  in  the  unannealed  state  and  70,000  pounds 
(50  kg.)  in  the  annealed.  The  corresponding  figures  for  pure  iron 
are  48,500  pounds  (34  kg.^  and  35,000  pounds  (25  kg.).  The  tough- 
ness is  only  slightly  affected  by  the  aluminum  content. 

d.  With  regard  to  the  magnetic  properties  aluminum,  like  sili- 
con, has  a  very  beneficial  effect  when  added  in  small  quantities.    The 
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best  alloy  obtained,  containing  about  0.40  per  cent  aluminum  an- 
nealed at  1100  degrees,  has  a  maximum  permeability  above  35,000. 
The  hysteresis  loss  for  B„^  =  10,000  and  15,000  is  450  and  1000  ergs 
per  ec.  per  cycle,  respectively.  For  higher  aluminum  contents  the 
magnetic  quality  decreases  gradually,  so  that  the  alloy  containing  3.5 
per  cent  aluminum  has  a  maximum  permeability  of  20,000  and  a  hys- 
teresis loss  for  the  given  densities  of  1000  and  2200  ergs,  respectively. 
This  loss  is  only  one-half  that  of  the  3.5  per  cent  commercial  silicon 
steel. 

e.  The  specific  electrical  resistance  increases  about  twelve  mi- 
crohms for  each  per  cent  aluminum  added.  When  the  aluminum  con- 
tent exceeds  3  per  cent,  however,  the  rate  of  increase  falls  off  gradually. 

By  the  application  of  the  vacuum  process  to  the  iron-aluminum 
series,  an  alloy,  containing  about  0.4  per  cent  aluminum,  has  been 
produced  which  has  remarkable  magnetic  properties.  In  this  respect 
aluminum  acts  like  silicon.  Aluminum,  however,  unlike  silicon,  yields 
no  alloy  with  similar  characteristics  for  higher  percentages.  On  the 
other  hand,  the  high  aluminum  alloys  have  the  advantage  over  the 
corresponding  silicon  alloys  of  being  much  less  brittle ;  and  this  char- 
acteristic combined  with  a  fairly  high  permeability,  low  hysteresis 
loss,  and  an  electrical  resistance  equal  to  that  of  the  silicon  alloys, 
may  make  aluminum  alloys  suitable  for  certain  purposes  where  the 
silicon  alloys  can  not  be  used. 
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4.  Magnetic  Testing  tuith  Burrow's  Permeameter. — During  the 
past  two  years  the  attainment  of  permeabilities  above  30,000  in 
vacuum-fused  iron-silicon  alloys  has  made  the  question  of  accuracy  in 
results  of  prime  importance.  There  are  three  effects  which  may  lead 
to  errors:  (a)  effect  of  strain,  (b)  end  effect  of  the  permeameter  coils, 
(c)  consequent  pole  effect  due  to  nonuniformity. 

a.  The  effect  of  strain  has  been  considered  in  a  previous  bulle- 
tin.*    When  the  rod  is  properly  clamped,  this  effect  is  eliminated. 

b.  The  effect  upon  H  of  the  ends  of  the  various  permeameter  coils 
has  also  been  discussed  in  a  previous  bulletin,  t  The  Bureau  of  Stand- 
ards' correction  of  the  Burrows  method  for  the  theoretical  end  effect, 
when  the  compensating  current  is  not  more  than  twice  the  current  in 
the  two  main  solenoids,  is  less  than  0.1  per  cent.  In  Bulletin  No.  83 
of  the  Engineering  Experiment  Station  of  the  University  of  Illinois, 
it  is  shown  ttiat  in  some  cases  the  current  in  the  compensating  circuit 
may  be  thirty  times  that  in  the  main  solenoid.  In  such  cases  the 
correction  factor  is  2.3  per  cent;  that  is,  the  measured  H  must  be 
increased  by  2.3  per  cent. 

c.  The  effect  of  nonuniformity  of  the  specimen  is  one  for  which 
no  correction  can  be  offered.  It  is  of  the  same  nature  as  the  effect 
due  to  the  ends  of  the  coils,  but  it  depends  only  upon  the  homogeneity 
of  the  rod,  and,  therefore,  the  error  introduced  cannot  be  calculated. 
Any  nonuniformity  means  that  lines  of  force  will  leave  the  iron  path 
and  complete  all  or  part  of  the  magnetic  circuit  in  air.  Wherever  a 
line  of  force  leaves  or  enters  the  iron  path,  a  pole  is  developed.  A 
line  that  leaves  and  re-enters  the  iron  causes  two  poles  of  opposite 
sign.  The  effect  of  each  pole  at  the  center  of  the  test  bar  varies 
inversely  as  the  square  of  the  distance  from  the  center.  Hence  each 
pair  of  poles  due  to  a  leakage  line  has  a  resultant  effect  at  the  center, 
which  depends  upon  the  distance  from  the  center  of  the  points  of 
leaving  and  of  entering  the  iron.  This  may  be  illustrated  by  the 
leakage  that  occurs  at  the  joint  of  the  bar  and  the  yoke.    If  the  lines 


•"Magnetic  and  Other  Properties  of  Iron-Silicon  Alloys  Melted  in  Vacuo."     Unir. 
«f  IlL  Bng.  Bxp.  Sta.,  Bnl.  S8,  p.  24.  1915. 

t**Magnetic  and  Other  Properties  of  Electrolytic  Iron  Melted  in  Vacuo."     Univ.  of 
111.  Eng.  Bzp.  Sta.,  Bnl.  72.  p.  61.  1915. 
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of  force  leave  the  rod  close  to  the  joint  and  enter  the  yoke  just 
across  the  air  gap,  the  resultant  effect  on  the  center  of  the  bar  will 
be  small  for  two  reasons:  (a)  the  distance  from  the  center  of  the 
resultant  pole  is  great,  and  (b)  the  two  poles  tend  to  neutralize  each 
other.  On  the  other  hand,  if  the  leakage  is  close  to  the  center  of  the 
bar,  and  the  distance  is  great  between  the  points  of  leaving  the  iron 
and  re-entering  it,  the  magnetizing  or  demagnetizing  effect  may  be 
great.  Leakage  of  this  kind  leads  to  a  high  percentage  of  error  and 
is  caused  by  the  nonuniformity  of  the  iron.  A  section  of  the  iron 
having  low  reluctance  is  called  a  soft  spot;  a  section  having  high 
reluctance  is  called  a  hard  spot. 

In  order  to  investigate  the  uniformity  of  rods,  a  special  permeam- 
eter  was  constructed  having  movable  test  coils  on  the  outside  of  the 
main  solenoids.  There  was  only  one  layer  of  winding  on  the  solenoids 
and  the  maximum  value  of  H  obtainable  without  heating  the  coils  was 
60  gilberts  per  cm.  By  properly  connecting  the  test  coils  it  was 
possible  to  investigate  the  density  at  points  along  the  bars  and  to 
calculate  the  amount  of  leakage  at  any  point  at  any  density  up  to  that 
corresponding  to  -ET  =:  60. 

Pig.  18  shows  the  results  obtained  with  Rod  No.  3  Si  27C.  For 
each  value  of  H  the  leakage  along  the  bar  was  measured  and  plotted 
with  the  density  at  the  center  as  the  reference  point.  It  should  be 
noted  that  the  diameter  of  this  rod  varies  as  much  as  1  per  cent,  and 
that  at  densities  above  15,000  the  distribution  of  flux  follows  the 
variations  in  diameter.  At  lower  densities,  however,  the  uniformity 
of  the  material  has  the  greater  effect,  because  the  iron  is  more  sensitive 
at  densities  falling  on  the. steep  part  of  the  magnetization  curve. 
Prom  Pig.  18  it  can  be  seen  that  the  assumption  that  compensation 
neutralizes  only  the  demagnetizing  effect  of  the  leakage  at  the  joints 
is  entirely  without  justification.  In  this  case  a  strong  magnetizing 
effect  is  introduced  because  of  a  soft  spot  about  four  inches  from  the 
center  of  the  rod.  If  the  test  coils  marked  c-c,  which  are  wound  over 
each  end  of  the  test  bar,  were  placed  three  inches  from  the  center  they 
would  indicate  that  a  negative  current  was  required  for  compensation. 
Such  a  current  would  increase  the  leakage  at  the  joints  and  would 
plainly  lead  to  error.  If  the  coils  c-c  were  placed  five  and  one-half 
inches  from  the  center  or  close  to  the  yokes,  they  would  then  indicate 
that  a  positive  current  was  required.  However,  in  raising  the  ends  of 
the  leakage  curve,  the  flux  at  the  point  -f-  4  would  be  raised  still  higher 
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than  for  the  uncompensated  ease  and  the  effect  would  be  to  increase  B 
at  the  center  beyond  its  indicated  value.  When  the  two  coils,  c-c,  are 
connected  in  series  and  opposed  to  the  test  coil  at  the  center,  a  balance 
indicates  that  the  average  flux  at  the  two  ends  is  equal  to  that  at  the 


/POO  NO  35ii7C 
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Fig.  18.    Cdrvks  Showing  Distribution  op  Flux. 
KErERENCE  Point  at  Center 


No  Compensation. 


center,  even  though  the  flux  at  one  end  may  be  much  higher  than  that 
at  the  center  and  the  flux  at  the  other  end  correspondingly  lower. 
Since  when  the  c-c  coils  were  placed  half  way  between  the  center 
and  the  ends,  a  negative  compensating  current  was  sometimes  re- 
quired, it  was  decided  preferable  to  place  them  nearer  the  ends. 

Pig.  19  shows  the  effect  of  compensation  on  the  value  of  B.  at  the 
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center  for  Rod  3  Si  40C.  The  diameter  of  this  rod  is  very  uniform 
and  the  nonuniform  flux  distribution  is  due  to  soft  spots  near  the 
ends.  Two  conditions  are  shown  for  two  values  of  H.  In  (a)  77  is 
0.5,  and  in  (b)  H  is  2.0.  The  test  coils  were  connected  so  that  the 
flux  at  either  end  of  the  test  bar  could  be  balanced  against  the  center. 
The  solid  curve  in  both  figures  shows  the  distribution  when  the  rod 
is  uncompensated.  Since  the  leakage  is  less  for  the  negative  than  for 
the  positive  end,  a  smaller  compensating  current  was  required  at  the 
negative  end  in  order  to  raise  the  flux  to  an  equality  with  the  center. 
The  two  ends  were  balanced  separately,  and  the  distribution  for  the 
two  cases  is  shown  by  the  two  dashed  curves.  Compensation  for  the 
positive  and  negative  ends  raised  the  density  at  the  center  from  7,870 
to  14,280  and  13,680,  respectively,  for  H  =  0.5;  and  to  14,280  and 
14,580,  respectively,  for  H  =  2.0.  An  increase  was  desired  after  the 
leakage  at  the  joints  had  been  neutralized,  but  there  was  no  way  of 
knowing  how  much  magnetizing  effect  the  **soft  spot''  had  on  the 
center.  The  density  at  the  center  is  probably  exaggerated,  especially 
for  H  =  0.5. 

The  double  bar  and  yoke  method  is  based  upon  the  assumption 
that  the  rods  are  uniform.  If  the  rods  are  uniform,  when  the  c-c 
coils  are  placed  about  half  way  between  the  center  and  the  ends,  a 
balance  of  the  average  of  the  flux  between  these  points  and  the  center 
will  result.  There  may  still  be  some  leakage  near  the  joints,  but  for 
reasons  stated  previously  its  effect  is  small.  As  shown  in  Fig.  18,  the 
distribution  can  not  be  assumed  to  be  uniform,  and  so  results  by  this 
method  are  likely  to  be  inconsistent.  Nonuniformity  is  most  trouble- 
some in  rods  of  high  permeability ;  with  rods  of  ordinary  quality  this 
effect  is  not  so  important.  For  commercial  work  where  only  com- 
mercial iron  is  tested,  this  method  is  probably  suflBciently  accurate ;  but 
for  laboratory  testing  of  high  permeability  iron,  the  limiting  accuracy 
should  be  carefully  considered. 

5.  Results  Obtained  with  Kings, — In  Table  8  will  be  found 
results  obtained  with  rings  made  of  pure  open  hearth  iron,  re- 
melted  in  vacuo.  For  the  sake  of  comparison,  the  results  obtained 
with  some  of  the  same  iron  in  the  form  of  rods  tested  by  the  Burrows 
method  have  been  included.  All  the  specimens  have  been  annealed 
at  1100  degrees.  C.  From  these  results  it  is  seen  that  for  perm- 
eabilities   not    exceeding    20,000,    when    the    possible    variation    in 
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mechanical  and  heat  treatment  of  the  various  specimens  are  considered, 
the  two  methods  check  very  well. 

Table  8 

Comparison  Between  the  Ring  Method  and  Burrow's  Method 
or  Magnetic  Testing 


speci- 
men 
No. 


Kind  of 
Spec- 
imen 


Max. 

Perme- 
ability 


Density 
for 
Max. 
Perme- 
ability 


Permeability 


It 


£7 


Hysteresis 

Loss  Ergs 

per  cc.per 

Cycle 


(^1 


Retentivity 
Gausses 


£7 


A 


Coercive 

Force 
Gilberts 
per  cm. 


Remarks 


Open  Hearth  Iron  Remelted  in  Vacuo  and  Annealed  at  1100  Degrees  C. 

4-01 

^ 

14300 

8500 

13700 

5700 

986 

2063 

8400 

12300 

0.33 

0.39 

4-01 

14180 

8500 

13200 

5350 

1080 

2190 

8700 

12300 

0.37 

0.40 

4-02 

Ring 

16500 

9500 

16450 

6400 

935 

2010 

8700 

13900 

0.30 

0.35 

4-08 

^ 

17000 

9000 

16700 

8250 

852 

1755 

8400 

12600 

0.28 

0.33 

4-03 

20900 

9000 

20200 

7500 

865 

1760 

9300 

13600 

0.30 

0.84 

4-04 

Ring 

16300 

10000 

16300 

6000 

870 

1880 

8400 

13300 

0.30 

0.35 

Iron- Aluminum  Alloys  Melted  in  Vacuo  and  Annealed  at  1100  Degrees  C. 


3A122 
3A118 


Ring 
Ring 


20500 
19700 


7000 
6400 


16700 
12500 


900 
350 


636 
674 


1320 
1210 


8400 
9000 


11000 
10200 


0.19 
0.20 


0.20 
0.20 


Al-0.455 
Al-0.234 


6.  Determination  of  Aluminum  in  Iron,  by  J.  M.  Lindgren. — 
Pour  well  known  methods  for  the  determination  of  aluminum  in  iron 
were  tried.  First,  precipitation  by  means  of  sodium  hydroxide; 
second,  fusion  in  a  nickel  crucible  with  sodium  hydroxide ;  third,  the 
electrolytic  separation  with  a  mercury  cathode ;  and  finally,  the  method 
of  Rothe,*  with  ether  as  a  solvent  for  ferric  chloride.  The  first  two 
methods  were  objectionable  because  of  the  slow,  tedious  filtrations 
and  the  resulting  voluminous  filtrates.  The  electrolytic  method  did 
not  remove  all  the  iron,  and  so  made  a  determination  of  that  con- 
stituent necessary.  Here,  also,  tedious  filtrations  and  voluminous 
filtrates  were  encountered.  Gooch  and  Hovenst  made  use  of  ether 
in  the  determination  of  aluminum  by  precipitating  AICI36H2O  with 
gaseous  hydrochloric  acid  and  completing  the  separation  from  iron 
by  means  of  ether. 

Rothe  demonstrated  that  by  means  of  ether  large  amounts  of 
iron  could  be  separated  from  nickel-aluminum,  copper-cobalt,  vana- 
dium,   and   titanium.     He  employed   a   special   apparatus   for   the 


•Chem.  Newt,  toI.  66,  p.  182,  1808. 
tChem.  Newi,  Tol.  74,  p.  296.  1896. 
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separation,  which  consisted  of  two  separatory  funnels  joined  to  a 
common  stem  with  a  3-way  stopcock.  By  means  of  pressure  applied 
by  the  vapors  of  ether  the  solution  was  forced  into  the  second  funnel, 
where  the  separation  was  continued  by  means  of  fresh  ether.  Bothe 
demonstrated  that  the  iron  diould  be  present  in  the  ferric  state  and 
that  the  hydrochloric  acid  present  should  have  a  definite  strength. 

In  the  present  work  the  separation  was  carried  out  in  a  200  cc. 
Jena  beaker.  It  was  found  necessary,  in  transferring  from  one 
separatory  funnel  to  another  during  the  process  of  removing  all  the 
iron,  to  use  considerable  amounts  of  hydrochloric  acid  in  order  to 
wash  the  syrupy  aluminum  chloride  from  the  sides  of  the  funnel; 
this  increased  the  acid  concentration,  and  made  it  very  difficult  to 
remove  all  the  iron.  It  occurred  to  the  writer  that  the  separation 
could  be  made  easier  in  the  original  beaker  in  which  solution  was 
effected  by  decanting  the  supernatant  ether  and  ferric  chloride,  and 
80  make  possible  a  cleaner  and  easier  separation  by  subsequent  wash- 
ings with  ether  in  the  same  beaker.    The  decantation  was  more  easy 

Table  9 
Determination  of  ALuioNuif  in  Iron 


Per  Cent 
Aluminum  Taken 

PerOnt 
Aluminum  Found 

.732 

.732 

1.464 

.763 

.791 

1.484 

to  accomplish  than  first  appeared  possible,  because  the  supernatant 
liquid  of  ferric  chloride  and  ether  was  much  lighter  than  the  lower 
solution  of  aluminum  chloride  and  acid. 

Details  of  the  method  used  are  as  follows :  Dissolve  from  1  to  5 
grams  of  iron  in  a  200  cc.  Jena  beaker  by  means  of  hydrochloric  acid, 
with  additions  of  nitric  acid  to  afford  complete  oxidation  of  the  iron ; 
evaporate  to  dryness  on  a  water  bath,  and  take  up  with  just  enough 
hydrochloric  acid,  sp.  gr.  1.19,  to  completely  dissolve  the  iron.  Care 
should  be  taken  that  no  iron  oxide  remain  undissolved.  Evaporate 
again  on  a  water  bath  to  a  syrup  consistency,  add  30  cc.  of  ether, 
and  stir  vigorously  with  a  glass  rod  until  the  ether  has  dissolved  as 
much  ferric  chloride  as  possible.  Allow  to  stand  until  the  separation 
is  distinct  and  both  layers  are  clear.  At  this  point  it  is  sometimes 
necessary  to  add  more  hydrochloric  acid,  two  cc.  at  a  time,  until  the 
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solutions  become  perfectly  clear.  Carefully  decant  the  supernatant 
solution  of  iron  and  ether  and  repeat  the  addition  of  ether.  Usually 
six  additions  of  ether  are  suflScient  to  extract  completely  all  of  the 
iron.  Evaporate  the  ether  and  precipitate  the  aluminum  in  the  usual 
way  by  means  of  ammonia.  Bum  the  oxide  in  a  porcelain  crucible 
and  finally  in  a  muflBe  at  1000  degrees  C  to  constant  weight.  The 
necessity  of  a  high  temperature  in  burning  the  aluminum  precipitate 
shows  the  impossibility  of  obtaining  satisfactory  results  by  any  of  the 
methods  involving  the  burning  off  of  a  mixed  precipitate  of  aluminum 
and  iron. 
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THE  EFFECT  OF  MOUTHPIECES  ON  THE  FLOW  OF  WATER 
THROUGH  A  SUBMERGED  SHORT  PIPE 


I.    Inteoduction 

1.  Preliminary. — This  bulletin  presents  the  results  of  experi- 
ments on  the  flow  of  water  through  a  submerged  short  pipe  with  and 
without  entrance  and  discharge  mouthpieces  of  a  variety  of  angles 
and  lengths.  It  treats  of  the  loss  of  head  which  occurs  when  a  stream 
contracts  or  expands  under  differing  conditions  of  flow  and  empha- 
sizes the  marked  effect  that  turbulence  of  flow  may  have  upon  the 
amount  of  head  lost.  The  discussions  have  a  direct  bearing  upon 
various  problems  in  hydraulic  practice  which  involve  the  contraction 
and  expansion  of  a  stream  in  flowing  through  passages. 

Comparatively  little  experimental  work  has  been  done  to  de- 
termine the  value  of- conical  mouthpieces  of  various  angles  and  lengths 
in  reducing  the  lost  head  at  the  entrance  to  apd  discharge  from  a 
submerged  pipe,  particularly  for  mouthpieces  of  the  sizes  and  pro- 
portions comparable  with  those  met  in  engineering  practice.  The 
need  for  such  experiments  is,  therefore,  apparent.  The  minimizing 
of  the  lost  head  due  to  the  contraction  and  expansion  of  a  stream 
may  be  of  considerable  importance  in  a  variety  of  hydraulic  prob- 
lems; for  example,  the  intake  to  a  pipe  particularly  when  the  pipe  is 
of  short  length  and  of  large  diameter,  the  suction  and  discharge  pipes 
of  a  low  head  pump,  the  reduction  or  expansion  from  one  pipe  to 
another  of  different  diameter  or  of  different  shape,  the  passages 
through  a  large  valve,  the  passages  through  locomotive  water  columns, 
the  draft  tube  to  a  turbine,  the  connection  from  a  centrifugal  pump 
to  a  main,  the  sluice  ways  through  dams,  the  slat  screens  at  head 
gates,  culverts  and  short  tunnels,  jet  pumps,  the  Boyden  diffuser  as 
formerly  used  for  the  outward  flow  turbine,  the  Venturi  meter,  the 
suction  and  discharge  pipes  of  dredges,  and  the  guide  vanes  and  run- 
ner of  a  turbine. 

Losses  due  to  this  cause  are  difiScult  to  estimate  and  easy  to  over- 
look. Even  where  such  losses  are  in  themselves  of  little  consequence 
as  compared  with  other  quantities  involved,  they  may  have  a  con- 
siderable influence  upon  subsequent  losses  on  account  of  the  turbulent 
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motion  started  by  the  contraction  or  expansion.  The  efficiency  of  a 
drainage  pump  or  other  low  head  pump,  for  example,  may  be  increased 
by  an  entrance  mouthpiece  on  the  suction  pipe  because  it  allows  the 
pump  to  receive  the  water  in  a  smoother  condition  of  flow.  It  is  well 
known  that  a  turbine  must  receive  the  water  from  the  guide  vanea 
without  shock  if,  in  the  subsequent  flow  through  the  runner,  the 
energy  of  the  water  is  to  be  absorbed  efficiently  by  the  turbine.  The 
loss  of  head  through  a  Venturi  meter  may  be  considerably  increased 
if  the  meter  is  placed  too  short  a  distance  downstream  from  a  valve, 
elbow,  or  other  obstruction  or  cause  of  disturbance  in  the  pipe.  The 
friction  factor  for  a  pipe  following  an  obstruction  or  bend  may  be 
changed  by  the  disturbance  thus  caused ;  the  lost  head  at  the  entrance 
to  a  pipe,  particularly  when  inward-projecting,  may  be  more  than 
that  ordinarily  assumed  for  a  tube  three  diameters  long.  There  is 
but  little  definite  knowledge  on  the  whole  subject  of  the  effect  of 
abnormal  conditions,  and  it  offers  a  large  scope  for  investigation. 
The  fact  that  a  comparatively  small  change  in  the  form  of  the  blades 
of  a  turbine  runner  may  result  in  a  large  effect  on  the  efficiency  of 
the  turbine  should  prove  suggestive  when  estimating  the  probable 
effect  of  turbulent  flow  in  less  severe  or  critical  cases.  It  is  also  worth 
mentioning  in  this  connection  that  the  recent  advances  in  turbine 
design  have  been  due  largely  to  the  attention  given  to  the  approach 
channels  to  the  guide  vanes  and  to  the  design  of  the  draft  tube. 

The  flow  of  water  usual  in  engineering  practice  is  more  or  less 
turbulent.  The  general  equation  of  energy,  or  Bernoulli's  theorem, 
so  generally  used  in  hydraulics,  applies  only  when  the  particles  of 
water  move  with  uniform  velocity  in  parallel  stream-lines.  Although 
this  condition  of  flow  seldom  occurs,  satisfactory  analyses  may  often 
be  made  by  using  an  average  velocity  and  introducing  empirical  con- 
stants. However,  a  very  slight  change  in  the  conditions  under  which 
flow  takes  place  may  cause,  in  some  cases,  a  large  difference  in  the 
action  or  behavior  of  the  water.  There  is,  therefore,  always  danger 
in  extending  the  use  of  experimental  data  or  empirical  constants  to 
apply  to  conditions  of  flow  quite  different  from  those  under  which 
the  data  were  obtained. 

2.  Acknowledgment, — All  the  experimenting  was  done  in  the 
hydraulic  laboratory  of  the  University  of  Illinois  under  the  general 
direction  of  Professor  A.  N.  Talbot.    A  part  of  the  problem  and  some 
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of  the  methods  had  been  developed  by  Professor  Talbot  througli  ex- 
perimental work  which  had  been  carried  on  in  the  hydraulic  labora- 
tory for  a  number  of  years.  The  types  and  proportions  of  the  mouth- 
pieces and  the  general  features  of  the  apparatus  had  been  planned  by 
him.  Thesis  work  of  the  following  students  has  been  utilized  as  pre- 
liminary material  in  helping  to  determine  the  methods  used  in  the 
investigation:  W.  P.  Ireland,  *' Entrance  Head  in  Pipes  and  Con- 
duits," 1903;  C.  C.  Wiley,  **  Entrance  Head  and  Discharge  Head  in 
Pipes,"  1904;  W.  R.  Robinson,  ** Entrance  Head  and  Discharge  Head 
in  Pipes,"  1906;  W.  R.  Robinson,  **An  Investigation  of  the  Flow  of 
Water  through  Submerged  Orifices  and  Pipes,"  1909.  Although  but 
few  of  the  data  given  in  these  theses  were  incorporated  in  the  final 
results  as  reported  in  this  bulletin,  they  were  of  considerable  value 
in  determining  the  influence  of  certain  factors  involved  in  the  method 
of  experimenting. 

The  major  part  of  the  experimenting  was  carried  out  by  the 
writer  during  1914  and  1915,  with  the  help  of  Mr.  L.  J.  Larsen  and 
Mr.  R.  L.  Templin,  research  fellows  in  the  Engineering  Experiment 
Station,  whose  careful  work  is  gratefully  acknowledged. 


II.    Apparatus  and  Method  op  Experimenting 

3.  Short  Pipe. — The  cast-iron  short  pipe  to  which  the  mouth- 
pieces were  attached  was  22i/^  in.  long,  bored  to  a  smooth  surface 
and  to  a  6-in.  diameter;  an  average  of  thirty  micrometer  readings 
taken  across  three  diameters  at  each  of  ten  successive  sections  along 
the  pipe  gave  0.5995  in.  It  was  threaded  at  each  end  so  that  a  mouth- 
piece could  be  screwed  on  either  end  or  on  both  ends.  Fig.  1  shows 
the  6-in.  short  pipe  used  in  the  experiments.  Pig.  5  is  from  a  photo- 
g^ph  and  shows  the  tank  used  in  the  experiments  and  also  the  6-in. 
short  pipe  and  some  of  the  mouthpieces.  A  flange  near  the  middle  of 
the  pipe  was  used  to  attach  it  to  a  partition  separating  the  two  com- 
partments of  the  tank,  allowing  the  pipe  to  project  into  each  compart- 
ment. Fig.  2  shows  the  short  pipe  in  place  in  the  tank  with  mouth- 
pieces attached. 

Experiments  were  also  made  on  a  steel  tube  3.11  in.  in  diameter 
by  12  in.  long  used  as  an  inward-projecting  short  pipe  only  with  no 
mouthpiece  attached. 
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Fig.  2.    Tank  and  Areangement  of  Apparatus 
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Fig.  1.    Short  Pipe  to  which  Mouthpieces  Were  Attached 
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Fig.  3.    Conical  Mouthpieces  having  an  Area  Batio  op  1  to  2 
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Fig.  4.    Conical  Mouthpieces  having  an  Area  Ratio  of  1  to  3 
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4.  Mouthpieces. — The  cast-iron  conical  mouthpieces  which  were 
screwed  on  the  ends  of  the  6-in.  pipe  are  shown  in  Figs.  3  and  4. 
The  smallest  cross-sectional  area  of  each  mouthpiece  was  the  same  as 
thi  area  of  the  pipe  with  which  the  mouthpiece  made  a  smooth  con- 
nection. The  largest  or  outer  area  of  one  series  of  mouthpieces  was 
twice  the  area  of  the  pipe,  that  is,  the  ratio  of  the  area  of  the  pipe  to 
the  largest  area  of  the  mouthpiece  was  1  to  2.  Another  series  had  an 
area  ratio  of  1  to  3,  and  one  mouthpiece  (20  degree  angle)  had  an 
area  ratio  of  1  to  4.  The  length  of  a  mouthpiece  for  any  area  ratio 
depends,  of  course,  upon  the  angle  of  the  mouthpiece.    Table  1  gives 

Table  1 
List  of  Mouthpieces  Used  on  the  Shobt  Pipe 


Each  Mouthpiece  Tested  Singly  on 
Entrance  End  and  Discharge  End 

Combinations 

Area 

Angle  of 

Mouthpiece 

Degrees 

Area 
Ratio 

Angle  of 

Mouthpiece 

Degrees 

Entrance 
End 

Discharge 
End 

Ratio 

Degrees 

Area  Ratio 

Degrees 

Area  Ratio 

lto2 

5 
10 
15 
20 
30 
45 
00 

lto3 

10 
15 
20 
30 
45 

90 

20 
20 
20 
20 
30 
20 
15 
20 
20 
20 
30 

lto2 
ItoS 
1  to2 
lto2 
lto2 
lto2 
lto2 
lto2 
lto2 
lto3 
lto2 

5 
5 
10 
10 
10 
15 
15 
20 
20 
20 
30 

lto2 
lto2 
lto3 
lto2 
lto2 
lto3 
lto2 
lto4 
lto8 
lto2 
lto2 

lto4 

20 

a  list  of  the  mouthpieces  used,  together  with  the  particular  combina- 
tions of  an  entrance  and  a  discharge  (exit  or  diverging)  mouthpiece 
employed.  In  no  case  was  a  mouthpiece  used  alone,  that  is,  without 
being  attached  to  the  short  pipe.  It  will  be  noted  that  any  mouth- 
piece could  be  attached  to  the  entrance  end  of  the  short  pipe  only,  or 
to  the  discharge  end  only,  or  two  could  be  attached,  one  on  each  end 
of  the  pipe.  In  the  case  of  a  few  of  the  mouthpieces,  duplicates  were 
made.  The  angle  of  the  mouthpiece  as  given  in  Table  1  and  in  the 
various  figures,  and  as  used  in  these  pages,  means  the  angle  between 
the  axis  line  of  the  pipe  and  one  element  of  the  cone,  not  the  total 
angle  of  convergence  or  divergence.  Hence,  a  90-degree  entrance 
mouthpiece  is  a  flat  disc  giving  a  square  or  flush  entrance  to  the  pipe. 
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5.  Tank  <md  Method  of  Experimenting. — The  same  tank  was 
used  in  all  the  experiments.  The  dimensions  of  the  tank  are  shown 
in  Fig.  2  and  a  photograph  gives  other  details  in  Fig.  5.  The  tank 
was  divided  into  two  compartments  by  a  vertical  partition  to  which 
the  short  pipe  was  attached  in  a  horizontal  position. 

Water  from  the  laboratory  standpipe  was  supplied  to  the  tank 
through  a  6-in.  supply  pipe  and  also  through  a  %-in.  pipe,  the  latter 
making  possible  a  finer  adjustment  in  maintaining  a  constant  head. 
After  passing  through  bafi3e  boards  the  water  flowed  through  the 
short  pipe  and  finally  left  the  downstream  compartment  by  passing 
out  of  the  small  openings  in  the  end  of  the  tank,  the  flow  through 
which  was  regulated  by  placing  stoppers  in  some  of  the  holes.  These 
holes  were  arranged  in  two  long  vertical  rows  in  the  end  of  the  tank, 
one  near  each  side,  and  the  stoppers  were  arranged  so  as  to  give 
nearly  the  same  distribution  of  flow  from  each  row.  This,  it  was 
found,  helped  to  maintain  steady  conditions. 

The  quantity  of  water  discharged  was  measured  in  a  pit  about 
6  ft.  deep,  with  a  diameter  of  7.995  ft.  as  obtained  from  readings  of 
a  micrometer  attached  to  a  rigid  stick.  The  rise  in  the  pit  was  de- 
termined by  a  vertical  graduated  rod  which  was  read  directly  to 
0.02  ft.  and  to  0.004  ft.  by  estimating.  A  float  was  attached  to  the 
bottom  of  the  rod  and  a  still  basin  was  provided.  The  water  was 
wasted  into  another  pit  through  a  movable  spout  until  the  surface  of 
the  water  in  the  measuring  pit  became  fairly  still  so  that  an  accurate 
reading  of  the  rod  could  be  taken.  A  hook  gauge  was  used  to  test  the 
accuracy  of  the  float  and  rod.  At  the  end  of  the  experiment  the  water 
was  again  wasted  in  the  same  manner.  A  calibrated  stop  watch  gave 
the  time  corresponding  to  the  rise  in  the  pit. 

The  head  causing  flow  through  the  short  pipe  is  the  difference  in 
the  levels  of  the  water  surfaces  in  the  two  compartments  of  the  tank. 
The  head  was  measured  in  nearly  all  the  experiments  by  means  of 
hook  gauges.  These  gauges  were  read  directly  to  0.001  ft.  and  to 
0.0005  ft.  by  estimating.  Vertical  2-in.  pipes  attached  toward  the 
bottom  of  the  tank  served  as  still  basins  for  the  hook  gauges  (see 
Figs.  2  and  5).  The  level  of  the  water  in  the  upstream  compartment 
was  determined  by  the  use  of  one  hook  gauge  only,  but  two  gauges 
were  used  on  the  downstream  compartment  in  the  earlier  experi- 
ments. It  was  found,  however,  that  for  the  lower  heads  the  two 
gauges  gave  practically  the  same  result  and  for  the  higher  heads  the 
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gauge  nearer  the  partition  gave  less  fluctuation.  For  these  reasons, 
and  because  of  less  difficulty  in  getting  simultaneous  readings  of 
only  two  gauges,  it  was  decided  to  take  readings  with  one  gauge  only 
on  each  compartment. 

Zero  readings  of  the  hook  gauge  were  •  obtained  by  reading  the 
gauges  when  the  tank  was  nearly  full  and  when  no  water  was  allowed 
to  escape,  the  levels  of  the  water  surfaces  in  the  two  compartments 
then  being  the  same.  Zero  readings  were  taken  frequently  during 
the  experiments. 

For  most  of  the  heads  above  0.3  ft.  the  head  was  measured  by  a 
differential  gauge  which  was  connected  to  each  compartment  of  the 
tank  by  means  of  rubber  hose.  A  mixture  of  carbon  tetrachloride  and 
gasoline  having  a  specific  gravity  of  1.25  was  used ;  thus  making  the 
gauge  reading  four  times  the  head.  The  gauge  was  provided  with  a 
scale  graduated  to  0.005  ft.  In  a  few  cases  two  vertical  piezometer 
glasses  were  used,  one  attached  near  the  bottom  of  each  compart- 
ment, the  difference  in  readings  of  which  (corrected  for  zero  reading) 
gave  the  head  to  0.001  ft.  These  three  methods  overlapped  some- 
what so  that  certain  heads  were  measured  by  all  three  methods. 

Leakage  from  the  tank  and  from  the  measuring  pit  was  de- 
termined several  times  during  the  progress  of  the  experiments  and 
was  found  to  be  negligible. 

The  following  procedure  comprised  an  experiment:  Stoppers 
were  removed  from  the  end  of  the  tank  in  sufficient  number  to  give 
the  desired  discharge,  and  the  inflow  through  the  6-in.  and  %-in. 
pipes  was  then  adjusted  until  the  difference  in  levels  of  the  water 
surfaces  in  the  two  compartments  of  the  tank  became  constant.  The 
%-in.  supply  pipe  was  used^  to  make  the  final  adjustment  of  the  head 
and  to  hold  the  head  constant  throughout  the  experiment.  After 
obtaining  a  constant  head,  the  waste  pipe  shown  in  Fig.  2  was  pulled 
from  beneath  the  discharge  pipe,  allowing  the  water  to  discharge  into 
the  measuring  pit  until  the  rise  in  the  pit  was  sufficient  to  allow  of 
its  measurement  without  appreciable  error,  and  to  allow  an  accurate 
measurement  of  the  head  to  be  made.  The  head  was  taken  as  an 
average  of  from  two  to  ten  readings  of  the  hook  gauges,  the  larger 
number  being  necessary  with  the  higher  velocities  on  account  of  the 
greater  fluctuations  of  the  water  levels  due  to  the  more  turbulent 
conditions  of  the  water,  especially  in  the  downstream  compartment 
Each  experiment  was  repeated  three  times,  as  a  rule,  although  in  the 
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case  of  some  of  the  small-angle  discharge  mouthpieces  and  at  the 
higher  velocities,  as  many  as  six  or  eight  runs  were  made. 

III.    Experimental  Results  and  Discussion 

6.  Brief  Analysis  of  Flow. — The  term  short  pipe  or  tube  as 
technically  used  in  hydraulics  applies  to  a  tube  merely  long  enough 
to  allow  the  stream  to  expand  after  contraction  at  entrance  and  flow 
full  at  the  discharge  end.  A  length  equal  to  three  diameters  is 
usually  considered  sufficient  although  the  pipe  used  in  these  experi- 
ments was  3.75  diameters  long. 

The  head,  h,  causing  flow  through  a  tube  is  divided  into  two  items, 
(1)  the  velocity  head  in  the  tube,  which  represents  energy  per  pound 
of  water  transformed  from  potential  or  pressure  energy  into  kinetic 
energy,  and  (2)  lost  head,*  h',  representing  energy  per  pound  of 
water  dissipated  (transferred  into  heat)  chiefly  by  impact  and  fric- 
tion of  the  water  particles.    The  velocity  head  is  usually  represented 

by — ,  where  v  is  the  mean  axial  velocity  in  the  pipe.    It  is  clear  that 

if  the  water  has  a  mean  axial  velocity,  v,  and  at  the  same  time  is  in 
a  turbulent  state  of  motion,  probably  also  with  some  rotation  as  a 
whole,  the  water  will  possess  more  kinetic  energy  than  if  parallel 
stream-line  flow  occurred  with  the  same  axial  velocity.     Hence  with 

turbulent  flow,  —  does  not  represent  the  total  kinetic  energy  created. 

Furthermore,  since  dissipation  of  energy  (lost  head)  accompanies  the 
transfer  of  energy,  it  is  evident  that  more  head  will  be  lost  when 
turbulent  flow  is  produced  and  also  wherever  the  velocity  head  is 
transferred  back  into  pressure  head  as  in  reducing  the  velocity  by 
means  of  a  diverging  mouthpiece.  It  is  plain  that  the  flow  of  water 
through  a  short  pipe  with  or  without  mouthpieces  does  not  yield  to  a 
•simple  detailed  analysis. 

In  equation  form  we  have,  then. 


\9. 
But  V  =  c\/2gh (2) 


h^h'  +  \.- (1) 


*Tbe  term  "lost  bead'*  is  sometimes  used  to  denote  the  head  which  causes  the  flow, 
but  as  used  in  these  pages  it  will  always  mean  dissipated  energy. 


Digitized  by 


Google 


16  ILLINOIS  BNOINEBRINa  EXPERIMENT  STATION 


Therefore,  h'  =(-r— Ik" (3) 


'■ "'  =(l>->)| 


in  which  c  is  the  coefficient  of  discharge  since  the  pipe  flows  full  at 
the  discharge  end,  and  is  the  ratio  o£  the  measured  rate  of  discharge, 
q,  to  the  theoretical  rate  of  discharge,  or,  in  equation  form, 

C    =  L=r  (4) 

ay/2  gk 
in  which  a  is  the  area  of  the  crossrsection  of  the  pipe.    The  expression 

lis  called  the  coefficient  of  loss  and  is  denoted  by  m. 


(i-  > 


If  a  converging  or  entrance  mouthpiece  is  attached  to  the  short 
pipe,  the  contraction  of  the  stream  will  be  somewhat  suppressed.  The 
discharge,  therefore,  will  be  increased,  with  a  corresponding  reduc- 
tion' in  the  lost  head.  How  much  of  this  decrease  in  energy  loss 
occurs  at  the  entrance  and  how  much  during  the  subsequent  flow  in 
the  pipe  for  any  given  case  is  difficult  to  say.  The  loss  of  head  which 
would  occur  in  a  6-in.  pipe  22^^  in.  long,  if  it  were  a  part  of  a  longer 
pipe  and  preceded  by  a  considerable  length  of  straight  pipe  of  the 
same  diameter,  would  be  that  due  to  pipe  friction, 

1   t;2  f2 

/_  —  or  0.086— . 

d  2ff  2g 

This  loss  is  not  considered  in  these  experiments  for,  although  the  pipe 
may  flow  full  for  the  greater  part  of  its  length  when  the  contraction 
at  entrance  is  largely  suppressed  by  an  entrance  mouthpiece,  the 
state  of  flow  is  no  doubt  determined  chiefly  by  the  entrance  condi- 
tions and  the  loss  of  head  should  all  be  considered  as  entrance  loss. 

If  a  diverging  mouthpiece  is  attached  to  the  discharge  end  of  the 
short  pipe,  a  part  of  the  velocity  head  in  the  pipe  may  be  regained. 
Theoretically,  the  amount  possible  of  recovery  is  the  difference  be- 

tween  the  velocity  head  in  the  pipe,  — ,  and  the  velocity  head  at  the 

outer   or   discharge   area   of   the   mouthpiece,    -2-.     This  may  be 

2flf 
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Fig.  5.    View  of  Tank,  of  Short  Pipe,  and  of  Some  of  the  Mouthpieces 
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expf  essed  as 

a 
in  which  —  is  the  ratio  of  the  area  of  the  pipe  to  the  outer  area  of 

the  discharge  mouthpiece.  In  other  words,  if  the  water  approaches 
the  mouthpiece  with  parallel  stream-lines  (smooth  flow)  and  if  the 
mouthpiece  could  reduce  the  velocity  without  eddying — ideal  condi- 
tions— a  discharge  mouthpiece  with  an  area  ratio  of  1  to  2  would 
regain  75  per  cent  of  the  velocity  head  in  the  pipe,  while  a  mouth- 
piece having  an  area  ratio  of  1  to  3  would  regain  88  per  cent  of  the 
velocity  head  and  a  1  to  4  mouthpiece  would  recover  94  per  cent. 

The  flow  in  a  short  pipe,  particularly  when  no  mouthpiece  is 
attached  to  the  entrance  end,  is  far  from  smooth.  And  while  this 
turbulence  of  flow  would  be  expected  to  change  materially  the  action 
or  effect  of  the  discharge  mouthpiece  from  that  occurring  under  ideal 
conditions,  there  is  no  rational  method  of  taking  this  into  account. 
It  seems  probable,  however,  that  the  discharge  mouthpiece  influences 
the  flow  for  some  distance  back  in  the  pipe  so  that  the  loss  of  head 
in  the  tubes  is  less  than  when  no  discharge  mouthpiece  is  used.  This 
action  in  turn  allows  the  mouthpiece  to  act  with  greater  efficiency. 
This  will  be  discussed  later. 

It  should  be  noted  that  in  the  expression  for  the  coefficient  of 
loss, 

"•=(?-')■  ■•■■•■<« 

c  is  the  coefficient  of  discharge  based  on  the  area  of  exit  from  the 
system.  Hence  in  the  case  of  the  short  pipe  with  a  discharge  mouth- 
piece attached,  the  lost  head  is  expressed  in  terms  of  the  velocity 
head  at  exit  from  the  mouthpiece.  But  since  av  =  Av^  we  have  the 
lost  head  expressed  in  terms  of  the  velocity  head  in  the  pipe  as 


(6) 

7.     Tables  and  Figures, — Table  2  gives  the  condensed  experi- 
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Table  2 

Condensed  Expbrimbntal  Data  fob  6-inch  Submbbged  Pipe  ELkviNa 

Conical  Mouthpiecbs 

(Depth  of  Submergence,  about  3H  Diameters) 


Mouth- 

piece 

Attached 

to  Pipe 

Meaa- 

Coeffi- 

Mouth- 

Meaa- 

Coeffi- 

ured 

Mean 

cient  of 

piece 

Attached 

to  Pipe 

ured 

Mean 

cient  of 

Head 

Dia- 

Velocity 

Dis- 

Head 

Dis- 

Velocity 

Die- 

Causing 
Flow 

charge 
Cubic 

in  Pipe 
Feet 

charge 
Baaed 

Causing 
Flow 

charge 
Cubic 

in  Pipe 
Feet 

charge 

8 

» 

_ 

Bas2d 

& 

Feet 

Feet 

per 

«on  Area 

S 

N 

Feet 

Feet 

per 

on  Area 

a 

3 

per 

Second 

of  Pipe 

1 

8 

per 

oeoona 

of  Pipe 

1 

Second 

1 

Second 

H 

h 

Q 

t 

e 

h 

Q 

t 

e 

.0074 

.102 

.520 

.756 

^^-s 

.0075 

.104 

.530 

.766 

o 

.0128 

.135 

.689 

.767 

s 

.0100 

.123 

.625 

.778 

jS 

.0153 

.153 

.778 

.779 

ll 

.0114 

.181 

.665 

.775 

**§ 

.0190 

.170 

.868 

.785 

.0135 

.144 

.735 

.783 

.• 

.0292 

.210 

1.07 

.785 

.0148 

.151 

.770 

.793 

1 

.0327 

.223 

1.14 

.784 

.0215 

.185 

.940 

.799 

i 

.0563 

.294 

1.50 

.785 

1 

.0294 

.224 

1.14 

.807 

1 

.0745 

.336 

1.71 

.783 

1 

.0310 

.215 

1.10 

.795 

z 

.1112 

.405 

2.07 

.784 

2 

.0428 

.257 

1.32 

.795 

.1976 

.551 

2.81 

.787 

.0535 

.290 

1.48 

.798 

^^ 

.296 

.668 

3.41 

.780 

11 

.0942 

.389 

1.98 

.802 

'^ 

.4420 

.819 

4.17 

.783 

.1727 

.520 

2.65 

.798 

1 

.1840 

.540 

2.76 

.802 

o 

r 

.2636 

.645 

8.28 

.802 

.3410 

.739 

3.76 

.803 

.0093 

.130 

.666 

.854 

.0172 

.198 

1.01 

.961 

.0157 

.176 

.899 

.886 

.0310 

.271 

1.38 

.976 

c* 

.0357 

.265 

1.35 

.895 

e>4 

.0313 

.273 

1.39 

.976 

2 

.0503 

.319 

1.63 

.903 

s 

.0408 

.311 

1.58 

.977 

.0750 

.432 

2.20 

.908 

.0489 

.344 

1.75 

.986 

o 

.0880 

.425 

2.16 

.904 

•^ 

.0589 

.378 

1.92 

.985 

1 

.0886 

.425 

2.16 

.906 

s 

i 

.0700 

.411 

2.10 

.987 

(S 

.1700 

.577 

2.94 

.895 

g 

.0930 

.473 

2.41 

.988 

z 

.2234 

.671 

3.42 

.903 

jS 

.1060 

.502 

2.56 

.980 

I 

.3520 

.838 

4.27 

.899 

1 

.1135 

.524 

2.67 

.986 

.1155 

.525 

2.67 

.978 

.1400 

.594 

3.03 

1.01 

Ss 

8» 

.1633 
.2560 
.3670 

.623 
.792 
.948 

3.17 
4.04 
4.83 

.980 
.994 
.993 

.0089 

.130 

.661 

.875 

.0182 

.193 

.985 

.910 

.0087 

.132 

.673 

.899 

.0361 

.278 

1.42 

.930 

.0116 

.146 

.743 

.869 

.0600 

.362 

1.85 

.939 

c< 

.0170 

.183 

.934 

.893 

04 

5 

.0807 

.418 

2.13 

.932 

5 

.0309 

.250 

1.28 

.903 

.1335 

.543 

2.76 

.944 

.0378 

.276 

1.41 

.902 

.1560 

.589 

3.00 

.945 

•^ 

.0545 

.333 

1.70 

.906 

. 

r^ 

.1680 

.606 

3.08 

.938 

.2 

.0582 

.340 

1.73 

.893 

o 

1 

.2930 

.790 

4.02 

.934 

i2 

a 

.0600 

.347 

1.77 

.900 

s 

1^ 

.4120 

.960 

4.89 

.943 

1 

.0656 

.369 

1.88 

.915 

J 

.0798 

.400 

2.04 

.899 

1 

.1005 

.453 

2.31 

.908 

.1057 

.465 

2.37 

.910 

^ 

.1880 

.621 

3.16 

.910 

h 

.2170 
.2540 
.2657 
.3090 

.672 
.730 
.722 
.797 

3.42 
3.72 
3.68 
4.06 

.913 
.920 
.908 
.910 
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Table  2  (Continued) 

Condensed  Experimental  Data  fob  6-inch  Submebged  Pipe  ELaving 

Conical  Moxtthpibces 

(Depth  of  Submergence,  about  3}^  Diameters) 


Mouth- 

Meaa- 

Coeffi- 

Mouth- 

Meaa- 

Coeffi- 

piece 
Atuched 
to  Pipe 

Mean 

cient  of 

piece 

Attached 

to  Pipe 

ured 

Mean 

cient  of 

Head 

Dia- 

Velocity 

Dis- 

Head 

Dis- 

VTelodty 

Dis- 

Causing 
Flow 

charce 
Cubic 

in  Pipe 
Feet 

charge 
Baaed 

Causing 
Flow 

charge 
CiiMc 

in  Pipe 
Feet 

charge 

_ 

i, 

Based 

8 

M 

Feet 

Feet 

per 

on  Area 

S 

ft 

Feet 

Feet 

per 

on  Area 

o 

8 

per 

S^nd 

of  Pipe 

H 

3 

per 

Second 

of  Pipe 

^ 

1 

Second 

1 

Second 

H 

h 

Q 

f 

e 

h 

ff 

f 

e 

.0161 

.176 

.893 

.878 

.0120 

.146 

.743 

.846 

.0288 

.241 

1.23 

.902 

.0185 

.190 

.968 

.888 

.0450 

.303 

1.54 

.906 

.0230 

.200 

1.02 

.861 

.0582 

.350 

1.78 

.921 

M 

.0406 

.281 

1.43 

.884 

s 

.0633 

.365 

1.86 

.909 

5 

.0444 

.294 

1.60 

.885 

.0662 

.406 

2.07 

.911 

.0595 

.344 

1.76 

.895 

•^ 

.0852 

.417 

2.12 

.906 

o 

.0610 

.349 

1.78 

.900 

1 

1 

.1030 

.463 

2.36 

.917 

i 

1 

.0660 

.367 

1.87 

.902 

.1827 

.622 

3.17 

.926 

.0670 

.365 

1.86 

.904 

o 

2: 

.2540 

.728 

3.71 

.915 

Z 

1 

.0898 

.428 

2.18 

.905 

J 

.3620 

.864 

4.40 

.925 

.0891 

.425 

2.16 

.901 

.4230 

.952 

4.85 

.925 

.1242 

.500 

2.55 

.899 

.7650 

1.25 

6.40 

.915 

ft. 

.1692 

.578 

2.95 

.902 

h 

lO 

.2637 

.729 

3.72 

.893 

.2820 
.3400 

.746 
.833 

3.80 
4.24 

.907 

.0080 

.123 

.628 

.877 

.0090 

.123 

.626 

.821 

.0105 

.147 

.752 

.914 

.0148 

.161 

.821 

.844 

.0191 

.196 

1.00 

.905 

.0163 

.162 

.827 

.834 

c% 

.0306 

.252 

1.28 

.912 

w 

.0160 

.167 

.849 

.837 

2 

.0355 

.269 

1.37 

.908 

3 

.0244 

.211 

1.07 

.859 

*^ 

.0550 

.338 

1.72 

.917 

r^ 

.0383 

.269 

1.37 

.870 

o 

.0605 

.381 

1.94 

.917 

o 

.0404 

.271 

1.38 

.856 

i 

.0754 

.394 

2.01 

.912 

s 

1 

.0404 

.272 

1.38 

.853 

.0846 

.416 

2.12 

.908 

g 

.0437 

.283 

1.44 

.860 

1 

2 

.1380 

.540 

2.75 

.920 

2 

1 

.0505 

.305 

1.55 

.864 

.1736 

.606 

3.09 

.924 

.0747 

.372 

1.89 

.863 

.2320 

.707 

3.60 

.927 

.0782 

.385 

1.96 

.876 

i 

.3075 

.804 

4.10 

.921 

^ 

.0953 

.423 

2.15 

.870 

.4270 

.964 

4.91 

.927 

.1385 

.514 

2.62 

.877 

.1867 

.598 

3.05 

.879 

.2026 

.626 

3.19 

.884 

.330 

.795 

4.05 

.880 

.0080 

.121 

.619 

.862 

.0096 

.115 

.586 

.746 

.0083 

.124 

.633 

.866 

.0152 

.146 

.744 

.751 

M 

.0185 

.187 

.955 

.874 

04 

.0152 

.153 

.779 

.789 

a 

.0221 

.212 

1.08 

.907 

a 

.0176 

.165 

.841 

.791 

.0367 

.272 

1.38 

.900 

*H 

.0291 

.211 

1.08 

.786 

o 

.0410 

.287 

1.46 

.900 

•1 

.0506 

.281 

1.43 

.792 

^ 

i 

.0470 

.309 

1.58 

.906 

i 

.0519 

.283 

1.44 

.789 

i3 
1 

.0504 

.347 

1.77 

.902 

i2 

.0804 

.359 

1.83 

.792 

2 

.0804 

.406 

2.07 

.911 

Z 

1 

.0852 

.367 

1.87 

.798 

.0818 

.414 

2.11 

.919 

.1690 

.513 

2.61 

.793 

.0967 

.448 

2.28 

.916 

.2331 

.606 

3.08 

.797 

ti 

.1524 

.563 

2.87 

.916 

% 

.2715 

.657 

3.35 

.802 

.2404 

.710 

3.62 

.921 

.3990 

.794 

4.04 

.798 

.3341 

.838 

4.27 

.921 

.800 

.006 

4.61 

.923 

.0189 

-.192 

.975 

.884 

.0078 

.102 

.521 

.733 

.0278 

.231 

1.18 

.885 

s 

.0163 

.154 

.787 

.773 

.0404 

.281 

1.43 

.888 

.0340 

.227 

1.16 

.786 

^ 

.0462 

.304 

1.56 

.902 

^ 

.0521 

.282 

1.44 

.790 

1 

.0721 

.381 

1.94 

.902 

■i 

.0546 

.288 

1.46 

.782 

§ 

.0762 

.386 

1.97 

.889 

a 

i 

.0774 

.343 

1.76 

.784 

1 

.0965 

.438 

2.23 

.896 

1 

.1185 

.426 

2.17 

.786 

1 

.1535 

.557 

2.84 

.902 

1 

.2480 

.617 

3.14 

.787 

.1857 

.615 

3.14 

.907 

.3970 

.782 

3.98 

.789 

.825 

.803 

4.09 

.800 

^ 

.300 

.002 

4.50 

.907 

8) 

^ 

.451 

.961 

4.89 

.910 

^ 
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Table  2  (Continued) 

Condensed  Experimental  Data  fob  6-inch  Submebged  Pipe  Having 

Conical  Mouthpieces 

(Depth  of  Submergence,  about  Z^i  Diameters) 


Mouth- 
piece 
Attached 
to  Pipe 

Head 

Causing 

Flow 

Feet 

Meas- 
ured 
Dis- 
charge 
Cubic 
Feet 
per 
Second 

Mean 

Velocity 

in  Pipe 

Feet 

per 

Second 

Coeffi- 
cient of 

Dis- 
charge 

Based 
on  Area 
of  Pipe 

Mouth- 
piece 
Attached 
to  Pipe 

Head 

Causing 

Flow 

Feet 

Meas- 

ured 
Di*. 

CubSo 
Feet 
per 

Second 

Mean 

Velocity 

in  Pipe 

Feet 

per 

Second 

Coeffi- 
cient of 

Dis- 
charge 
Based 
on  Area 
ofHpe 

1 

1 

•1 

& 

1 

H 

h 

Q 

V 

c 

h 

« 

ff 

e 

C4 

a 

i 

< 

1 

i 

.0079 
.0083 
.0159 
.0265 
.0383 
.0526 
.0553 
.0798 
.0800 
.1088 
.1437 
.2657 
.4129 

.119 
.120 
.174 
.219 
.272 
.316 
.326 
.394 
.391 
.465 
.526 
.716 
.896 

.606 
.614 
.886 
1.11 
1.38 
1.61 
1.66 
2.01 
1.99 
2.37 
2.68 
3.65 
4.56 

.852 

.845 
.876 
.870 
.883 
.874 
.877 
.889 
.880 
.895 
.882 
.883 
.886 

i 

s 

1 

1 

.0116 
.0154 
.0396 
.0400 
.0577 
.0600 
.1035 
.1786 
.1940 
.2605 
.3101 
.4777 

.126 
.149 
.243 
.246 
.296 
.304 
.399 
.626 
.647 
.642 
.696 
.859 

.644 
.768 
1.24 
1.26 
1.51 
1.66 
2.03 
2.68 
2.79 
3.27 
3.65 
4.38 

.743 
.762 
.776 
.780 
.780 
.786 
.787 
.790 
.792 
.796 
.796 
.790 

eo 
3 

•i 
1 

i 

2 

.0080 
.0150 
.0160 
.0170 
.0181 
.0187 
.0198 
.0210 
.0500 
.0505 
.0516 
.0770 
.0960 
.1176 
.1570 
.1737 
.2375 
.2585 

.128 
.177 
.179 
.185 
.190 
.196 
.200 
.210 
.325 
.325 
.331 
.398 
.452 
.497 
.574 
.609 
.708 
.745 

.654 
.900 
.911 
.942 
.968 
1.00 
1.02 
1.07 
1  66 
1.66 
1.69 
2.03 
2.30 
2.53 
2.92 
3.11 
3.61 
3.80 

.907 
.900 
.899 
.901 
.897 
.913 
.902 
.922 
.922 
.918 
.924 
.914 
.928 
.921 
.921 
.929 
.925 
.930 

1 

eo 

s 

I 

t 

< 

.0103 
.0135 
.0185 
.0304 
.0319 
.0461 
.0530 
.0600 
.0749 
.0750 
.1000 
.1028 
.1378 
.1450 
.1740 
.1880 
.2175 
.2751 

.147 
.168 
.201 
.255 
.264 
.317 
.345 
.360 
.403 
.404 
.469 
.479 
.548 
.572 
.628 
.662 
.699 
.794 

.750 
.868 
1.03 
1.30 
1.36 
1.61 
1.76 
1.83 
2.06 
2.06 
2.39 
2.44 
2.60 
2.92 
3.20 
3.37 
3.56 
4.04 

.920 
.924 
.941 
.931 
.940 
.938 
.966 
.929 
.934 
.938 
.961 
.948 
.938 
.954 
.956 
.967 
.964 
.961 

eo 

s 

•i 
1 

1 

.0080 
.0165 
.0332 
.0497 
.0513 
.0778 
.1058 
.1200 
.1924 
.3634 

.129 
.187 
.257 
.324 
.330 
.400 
.476 
.505 
.638 
.880 

.660 
.955 
1.31 
1.65 
1.68 
2.04 
2.34 
2.57 
3.25 
4.49 

.916 
.925 
.930 
.921 
.926 
.912 
.930 
.927 
.924 
.928 

o 

so 

2 

•i 

£ 

1 

.0090 
.0145 
.0149 
.0152 
.0293 
.0588 
.0589 
.0812 
.1060 
.1238 
.1855 
.2043 
.2380 
.2685 
.2895 

.133 
.170 
.169 
.172 
.242 
.340 
.345 
.401 
.466 
.601 
.610 
.648 
.706 
.742 
.777 

.675 
.866 
.862 
.874 
1.24 
1.74 
1.76 
2.04 
2.38 
2.66 
3.11 
3.30 
3.69 
3.78 
3.96 

.886 
.896 
.880 
.880 
.897 
.893 
.901 
.896 
.910 
.906 
.901 
.914 
.918 
.910 
.918 

eo 

5 

o 

1 
1 

1 

.0080 
.0140 
.0260 
.0630 
.1010 
.1095 
.2101 
.3614 

.126 
.172 
.234 
.366 
.463 
.483 
.687 
.880 

.644 
.874 
1.19 
1.87 
2.36 
2.46 
3.50 
4.49 

.895 
.921 
.919 
.925 
.924 
.927 
.930 
.929 

1 

eo 

s 

•i 

< 

.0080 
.0141 
.0185 
.0224 
.0225 
.0414 
.0440 
.0503 
.0855 
.1199 
.2029 
.2422 
.3071 

.119 
.160 
.182 
.204 
.215 
.278 
.284 
.310 
.411 
.486 
.633 
.694 
.782 

.607 
.818 
.925 
1.04 
1.10 
1.41 
1.45 
1.68 
2.10 
2.48 
3.23 
3.64 
3.99 

.846 
.867 
.848 
.864 
.866 
.867 
.872 
.879 
.892 
.890 
.892 
.892 
.897 

^ 
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Table  2  (Continued) 

CoNDENssD  Experimental  Data  fob  6-inch  Submerged  Pipe  Haying 

Conical  Mouthpibces 

(Depth  of  Submergence,  about  3H  Diameters) 


Mouth- 
piece 
Attached 
to  Pipe 

Head 

Causing 

Flow 

Feet 

Meaa- 

uied 
Dia- 

Cubw 
Feet 

8^^ 

Mean 

Velocity 

in  Pipe 

Feet 

per 

Second 

Coeffi- 
cient of 

Dia- 
charge 

Baaed 
on  Area 
ofHpe 

Mouth- 
piece 
AtUched 
to  Pipe 

Head 

Causing 

Flow 

Feet 

Meaa- 

ured 

Dis- 
charge 
Cubic 

Feet 

per 
Second 

Mean 

Velocity 

in  Pipe 

Feet 

per 

Second 

Coeffi- 
cient of 

Dis- 
charge 

BaaS 
on  Area 
of  Pipe 

1 

Q 

1 

Q 

U 

h 

9 

ff 

c 

h 

a 

• 

e 

.0097 

.144 

.736 

.932 

s 

.0085 

.122 

.623 

.841 

2 

.0106 

.149 

.761 

.920 

.0206 

.192 

.980 

.851 

.0306 

.254 

1.29 

.922 

.0241 

.214 

1.09 

.874 

-^ 

.0440 

.306 

1.56 

.925 

^ 

.0475 

.297 

1.51 

.865 

o 

1 

.0599 

.353 

1.80 

.918 

1 

•1 

.0584 

.335 

1.71 

.880 

S 

.0756 

.397 

2.02 

.920 

& 

.0803 

.394 

2.03 

.884 

o 
2 

.1079 

.475 

2.42 

.920 

o 

.1112 

.463 

2.36 

.882 

§ 

.1525 

.570 

2.91 

.928 

1 

.1276 

.500 

2.55 

.889 

.1870 

.632 

3.22 

.930 

.1600 

.566 

2.88 

.899 

< 

.1906 

.638 

3.25 

.927 

.2203 

.666 

3.39 

.902 

% 

.2801 

.780 

3.97 

.936 

1^ 

.2789 

.756 

3.85 

.910 

.2975 

.777 

3.98 

.905 

.0085 

.124 

.630 

.853 

CO 

.0076 

.107 

.546 

.780 

2 

.0165 

.178 

.909 

.881 

2 

.0082 

.106 

.543 

.770 

.0235 

.220 

1.12 

.909 

.0147 

.160 

.764 

.785 

** 

.0301 

.247 

1.26 

.906 

•^ 

.0195 

.173 

.883 

.788 

1 

.0303 

.247 

1.26 

.901 

-1 

.0300 

.215 

1.09 

.787 

s 

.0643 

.369 

1.88 

.925 

1 

s 

.0310 

.221 

1.12 

.796 

1 

.0663 

.374 

1.91 

.923 

o 
2 

.0320 

.217 

1.11 

.794 

1 

.0950 

.450 

2.^ 

.928 

1 

.0520 

.281 

1.43 

.795 

.1730 

.611 

3.11 

.933 

.0831 

.360 

1.83 

.794 

.3053 

.810 

4.13 

.932 

.1454 

.480 

2.44 

.800 

% 

^ 

.2901 

.682 

3.47 

.803 

.OOiiU 

.4600 

.865 

4.36 

.801 

.119 

.607 

.845 

.0115 

.131 

.666 

.773 

« 

.0129 

.153 

.780 

.853 

CO 

.0178 

.162 

.825 

.771 

s 

.0232 

.214 

1.09 

.893 

2 

.0305 

.215 

1.09 

.779 

.0262 

.231 

1.17 

.905 

.0580 

.297 

1.52 

.784 

o 

.0412 

.285 

1.45 

.890 

o 

.0993 

.390 

1.98 

.785 

S 

s 

.0602 

.346 

1.76 

.895 

1 

'i 

.1493 

.475 

2.42 

.781 

& 

i 

•< 

g 

.0783 

.397 

2.02 

.901 

& 

.1970 

.546 

2.79 

.782 

X 

.1164 

.490 

2.50 

.912 

Z 

1 

.2896 

.669 

3.41 

.789 

.1256 

.502 

2.56 

.900 

.350 

.737 

»  3.76 

.795 

.1801 

.600 

3.06 

.898 

.452 

.836 

4.26 

.792 

o_ 

.2233 

.668 

3.40 

.896 

o^ 

.507 

.917 

4.67 

.796 

•O 

.3117 
.3223 

.788 
.813 

4.02 
4.14 

.897 
.906 

s 

o 

o 

.0130 

.232 

1.18 

1.29 

o 

O 

.0091 

.190 

.968 

1.27 

i 

•5 

.0209 

.301 

1.54 

1.32 

neo 

•3 

.0221 

.302 

1.54 

1.29 

Sc 

1^ 

.0280 

.348 

1.77 

1.32 

Id 

.0413 

.416 

2.12 

1.30 

V. 

.0504 

.464 

2.37 

1.32 

H 

§! 

.0626 

.519 

2.65 

1.32 

.0520 

.484 

2.46 

1.34 

.1900 

.686 

3.49 

1.35 

.0651 

.539 

2.75 

1.34 

<^ 

< 

li 

o 

.1083 

.700 

3.56 

1.35 

% 

o 

•O 

.1548 

.836 

4.26 

1.35 

*o 

M 

c« 

.0076 

.158 

.802 

1.15 

M 

CO 

.0194 

.261 

1.33 

1.19 

2£ 

ll 

.0204 

.263 

1.34 

1.17 

|S 

§! 

.0274 

.317 

1.61 

1.22 

.0397 

.371 

1.89 

1.18 

.0480 

.345 

2.16 

1.23 

•*o 

.0628 

.470 

2.35 

1.18 

"^o 

"^o 

.0734 

.519 

2.64 

1.21 

4 

h-s 

.0915 

.476 

2.89 

1.19 

*l 

h-s 

.1110 

.639 

3.26 

1.22 

-s 

.1449 
.496 

.708 
1.33 

3.60 
6.80 

1.18 
1.18 

-s 
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Table  2  (Concluded) 

Condensed  Expebimental  Data  fob  6-inch  Submbbqed  Pipe  Having 

Conical  Moutspieces 

(Depth  of  Submergence,  about  3H  Diameters) 


Mouth- 
piece 
Attached 
to  Pipe 

Head 

Causing 

Flow 

Meaa- 

ured 
Die- 
charge 
Cubic 

Mean 
Velocity 

%2r 

Coeffi. 
cient  of 

Dis- 
charge 

on  Area 
of  Pipe 

Moutb- 

At^S^ed 
to  Pipe 

Head 

Causing 

Flow 

Meas- 

used 
Dis- 
charge 
Cubic 

Mean 
Velocity 
in  Pipe 

Feet 

Coeffi. 
cient  of 

Dis. 

charge 

BasSl 

on  Area 

of  Pipe 

i 

1 

Feet 

Feet 

per 

Second 

per 
Sebond 

1 

1 

1 

Feet 

Feet 

per 

Second 

per 
Second 

h 

« 

f 

e 

h 

Q 

t 

c 

.0062 

.128 

.650 

1.03 

.0089 

.160 

.817 

1.08 

1 

o 

.0192 

.239 

1.22 

1.09 

1 

.2 

.0098 

,170 

.866 

1.10 

1- 

.0433 

.363 

1.85 

1.11 

L 

.0118 

.196 

1.00 

1.14 

Kc9 

.0643 

.443 

2.25 

1.11 

.0224 

.261 

1.33 

1.11 

a 

V- 

.0600 

.452 

2.30 

1.09 

12 

12 

.0260 

.292 

1.49 

1.15 

.8810 

.975 

4.97 

1.09 

.0456 

.377 

1.92 

1.12 

.0479 

.393 

2.00 

1.13 

ft* 

ft* 

^ 

ft. 

.0624 

.445 

2.27 

1.13 

•o 

9-4 

.0890 

.524 

2.67 

1.12 

.2022 

.818 

4.17 

1.15 

eo 

M 

.0152 

.191 

.971 

.984 

e« 

eo 

.0388 

.312 

1.50 

1.00 

11 

li 

.0333 

.283 

1.44 

.985 

u 

I-' 

.0651 

.410 

2.09 

1.02 

.0621 

.407 

2.48 

1.04 

.0907 

.494 

2.52 

1.04 

.0808 

.486 

2.07 

1.03 

4 

^1 

.1434 

.621 

3.16 

1.04 

H 

n 

.1512 
.233 

.643 
.804 

3.27 
4.09 

1.06 

.1791 

.695 

3.55 

1.04 

^ 

.0343 

.319 

1.63 

1.09 

o 

.0077 

.160 

.817 

1.16 

••J 

.0559 

.400 

2.04 

1.08 

•J 

■S 

.0237 

.282 

1.44 

1.17 

w« 

n^ 

.0848 

.481 

2.46 

1.05 

Km 

l« 

.0340 

.334 

1.70 

1.13 

.1233 

.605 

3.08 

1.10 

.0437 

.381 

1.94 

1.16 

IS 

.1750 

.726 

3.70 

1.10 

85 

IS 

.0630 
OflfiO 

.464 

.464 

2.36 

2,36 

1.17 

1.16 

18tW 

.817 

4.10 

1.21 

k 

> 

li 

fe 

.3030 

1.04 

5.30 

1.30 

.500 

U37 

6.97 

1.20 

.om 

.219 

1. 11 

.921 

.0108 

.141 

.721 

.867 

.0625 

.363 

l.gfl 

.922 

A 

.0^1 

,240 

1.25 

.001 

'§ 

■S 

.0671 

.381 

1,94 

.932 

•3 

•S 

.0525 

.3% 

1.68 

.913 

<a« 

<s« 

.0719 

.396 

2.02 

.940 

<a« 

a« 

.0633 

.3JI7 

1.82 

.900 

.1009 

Am 

2.37 

.932 

.0966 

.443 

2.25      , 

.904 

i^ 

<-< 

1560 

.5SA 

2.^ 

.944 

12 

12 

.1411 

.535 

2.73 

.905 

letf;} 

.608 

3.11 

.940 

.2254 

.6S1 

3.47 

.911 

.293 

.796 

4,0fi 

.934 

.406 

,985 

5.02 

.912 

% 

1 

.373 

.903 

4.60 

.932 

h 

% 

.828 

1.32 

6.71 

.915 

-405 

1,07 

5.49 

.935 

* 

* 

.742 

1.27 

e.4a    1 

.035 

I 
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Table  3 
Rssui;tb  of  Eablibr  Exfbrimbmtb  on  Conybroino  Mouthpieces  ^ 


ooiiree 

Coefficient 

of  Diwsharge 

Baaed  on 

^aUeet 

Area 

Mean 

Velocity 

aiSmalleet 

Area 

Feet  per 

Diameter 

or  Side  of 

Smalleet 

Area 

Ratio  of 
Length  of 
Straight 

Attached 

Form  of  Mouthpiece 

Seoobd 

tod 

c 

« 

d 

1 
T 

Baksh 

.73    to  .92 

4  to  15 

4  in  dian. 

0.25  to  1.5 

Conical,  45  degrees.    Area 
Ratio  1  to  iT 

Davie  and 

.829  to  .965 

4.5  to  13 

1.51  ft.  eq. 

0.65 

Approach  to  each  lide  of 

Baloh 

■quare  wae  circular.  Area 
Ratio  1  to  3.     Discharge 
vertical 

Stewitft 

.928  to  .894 

lto4 

4ft.eq. 

.077  to  3.5 

Approach  to  each  aide  of 
square    was    a    quarter 
eUipae,    the    outer    area 

being  8  feet  square,  the 

plane  of  which  was  3  feet 
m>m  entrance  to  straight 

pipe.    Area  Ratio  1  to  4 

EDia 

.951  to  .944 

12  to  32 

1  ft.  eq. 

0 

Approach  to  each  side  of 
square  -was    a    quarter 
ellipae  with  semi-diame- 

ters of  0.5  feet  (vertical) 

and  0.83  feet   (horison- 

fVaneie 

.927  to  .944 

5.5to9.2 

1.22  in  diam. 

.082 

tal).     Dis<^arge  vertical 
Cydoidal.    Area  Ratio  1  to 
1.95 

Brownlee 

.941  to  .906 

7.5  to  27.2 

0.1982  in.  diam. 

0 

Cydoidal.    Area  Ratio  1  to 

Same  as  form  of  jet  issuing 
from  sharp  edged  orifice. 

Webbaeh 

.959  to  .994 

T 

0.396  in  diam. 

0 

.924x 

Anglee    . 

'  Discharge  into  air 

Degreee 

Minutee 

Area  Ratio' 

Caatel 

5 

26x 

,ltol.5 

Conical,   c  varied  but  Uttle 

.946 

13 

24 

with  «.     *'  Angle  *'  means 
one-half  total   angle   of 

.924 

19 

24 

0.6  in  diam. 

1       to 

.895 

30 

00 

1 

convergence.    1/d-sero. 

.870-^ 

40 

20'' 

4  to  1.88 

There  was  contraction  at 

.9301 

5 

261 

fltol.7 

exit.     Discharge  into  air 

.956 

13 

40 

0.782  in  diam. 

to 

.920j 

35 

52j 

UtolO 

1  For  reference  to  source  see  Appendix. 

mental  data  in  which  each  set  of  values  represents,  as  a  role,  the 
average  of  three  experiments  or  runs  although  in  some  cases  as  many 
as  six  or  eight  experiments  were  made  under  practically  the  same 
head  as  explained  above.  In  some  cases,  also,  experiments  were 
repeated  at  times  differing  by  several  days  or  even  weeks.  This  was 
done  mainly  to  check  the  work  of  different  experimenters  and  to 
determine  tJie  effect  of  certain  factors  which  caused  trouble  during 
the  experimenting. 

In  Figs.  6,  7,  8,  and  9  the  experimental  values  of  the  coefficients 
of  discharge  for  the  short  pipe  with  the  various  mouthpieces  attached 
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Table  4 
Results  of  Earuer  Experiments  in  Which  Discharge  Mouthpieces  Were  Used^ 


Form  and 

Entrance 
Mouthpiece 
or  Approach 

Area 
RaUo 

An«le  of 
Discharge 
Mouthpiece 
(One-Half 

Area 
Ratio 

Coeffi. 

cient  of 
Discharge 
Based  on 

Diameter 
or  Side  of 

Source 

of  Total 

SmaUest 

Smallest 

Connection 

Angle) 

Area 

Section 

Inches 

^ 

a 
T 

Degrees 

Minutes 

a 

c 

Weiabach 

Sharp  edse 
(no  mouthpi 

cce) 

2 

27 

1 
1.79 

0.046 

0.072 

Eytelwein 

Circular 

45 

i 

2 

35 

i 

1.55 

1.06 

Connected  with- 

out a  straight 

1 

1.0  5 

pipe  or  throat 

Fntncifl 

Cycloidal 

45 

2 

30 

i 

1.55 

1.22 

Francis 

Cydoidal 

45 

1 
1.05 

2 

30 

1 
5.3 

2.14 

1.22 

r  Connected  by  a 
straight  pipe  or 

Francis 

Cycloidal 

45 

1 
1.05 

2 

30 

A 

2.35 

1.22 

throat  0.1  inch 
I    long 

Cycloidal 

45 

1 
1.05 

2 

30 

^ 

2.35 

1.22      . 

Brownlee 

Cycloidal 

30 

i 

(slightly 

33    ) 
curved  J 

^7 

2.20 

0.1082 

Connected  with- 

out a  straight 

Venturi 

Rounded  cor 

ners 

T 

2 

43 

1 

2.7 

1.46 

1.33 

pipe 
Connected  with- 
out a  straight 

Davis 

Circular 

46 

i 

14  + 

I 

1.03 

12.51  (SQ.) 

pipe 
Connected  by  a 

and 

1.78 

'      stnught  pipe  6 

Balcb 

Circular 

45 

i 

cur 

ved 

1 

1,00 

12.fit(BQj:          iDt'hM      loDg. 

l.TA 

Verticml    dli- 

chargfl 

i  For  refertnees  to  eounw  i 

S  Approximate. 


i  AppendlE.     Velocities  ranga  about  aa  in  Tabk  3, 


Imve  been  plotted  as  ordinates,  and  the  mean  velocities  in  the  pipe 
as  abgcis&as*  It  will  be  noted  that  the  mean  velocity  of  flow  through 
the  pipe  varies  from  about  0.5  ft.  to  6  ft.  per  sec,  although  in 
many  eases  the  upper  limit  was  betv?een  4  and  5  ft.  per  see.  These 
curves  show  that  in  all  cases  the  coefficient  of  discharge  is  prac- 
tically constant  far  veloeities  above  2  ft,  per  sec.  and  in  some  eases 
above  1  ft.  per.  sec.  However,  for  discharge  mouthpieces  having 
small  angles  of  divergence  the  curves  show  a  tendency  for  the 
coefficient  of  discharge  to  increase  slightly  with  the  velocity.  This, 
it  is  thought,  is  due  chiefly  to  the  more  turbulent  condition  of 
the  water  in  the  doi^iistream  compartment  caused  by  these  longer 
mouthpieces^  which  in  turn  made  the  measurement  of  the  water 
level  slightly  too  large.  For  the  same  reason  the  results  for  the 
longer  discharge  mouthpieces  show  tlie  greater  fluctuations.     In  all 
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cases,  the  coeflScient  of  discharge  decreases  more  or  less  rapidly  as 
the  velocity  decreases  from  1  or  2  ft  per  sec. 

Tables  5,  6,  and  7  give  the  values  of  the  coefScients  of  discharge 
and  the  corresponding  values  of  the  coefl&cients  of  loss  for  the  short 
pipe  with  the  various  mouthpieces  for  velocities  of  from  2  to  5  ft. 
per  sec.  as  taken  from  the  curves  in  Figs.  6,  7,  8,  and  9,  together 
with  certain  other  data  used  in  the  discussion  which  follows.  Figs. 
12  and  14  show  the  influence  upon  the  action  of  discharge  mouth- 
pieces of  attaching  an  entrance  mouthpiece  to  the  short  pipe.  The 
entrance  mouthpiece  suppresses  the  contraction  at  entrance  to  the 
pipe  and  allows  the  discharge  mouthpiece  to  receive  the  water  in  a 
smoother  state  of  flow  than  when  the  entrance  end  of  the  pipe  is 
simply  inward  projecting.  The  influence  of  smooth  flow  is  shown  in 
Figs.  12  and  14  which  are  obtained  by  plotting  the  gain  in  rate  of 
discharge  and  gain  in  velocity  head  recovered  (expressed  in  per  cent) 
as  ordinates  and  the  angle  of  discharge  mouthpieces  as  abscissas. 

8.  Inward-Projecting  and  Flush  Entrance, — The  values  of  the 
coefl&cients  of  discharge  for  the  short  pipe  with  inward-projecting 
entrance  (no  mouthpiece  attached)  were  determined  with  special 
care  since  the  eflfect  of  attaching  a  mouthpiece  could  not  otherwise 
be  found.  It  will  be  noted  from  Fig.  6  and  Tables  5  and  6  that  the 
value  of  the  coeflScient  of  discharge  and  the  coeflScient  of  loss  are 
respectively  c  =  0.785  and  m  =  0.62  while  the  values  generally  given 
in  texts  for  an  inward-projecting  pipe  are  c  =  0.72  and  m  =  0.93. 
That  is,  the  head  lost  at  the  entrance  to  qjx  inward  projecting  pipe  is 

0.62  of  the  velocity  head  in  the  pipe  (0.62  — )  instead  of  0.93  — 

2sf  2(7 

It  would  hardly  be  expected  that  all  inward-projecting  pipes  would 
give  the  same  coeflScient  of  discharge,  for  such  factors  as  the  condi- 
tion of  the  edge  at  entrance  to  the  pipe,  the  diameter  of  the  pipe  or 
perhaps  the  ratio  of  the  thickness  of  the  pipe  to  the  diameter,  the 
degree  of  wetness  of  the  material  (eflfect  of  oil,  etc.),  the  temperature 
and  velocity  of  the  water,  the  form  and  size  of  tank  together  with  the 
location  and  form  of  piezometer  orifice,  and  the  conditions  of  dis- 
charge (submerged  or  into  air)  might  easily  influence  the  flow. 

In  order  to  get  further  data  on  this  form  of  entrance  another 
short  pipe,  3.11  in.  in  diameter  by  12  in.  long,  was  tested  in  the  same 
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Pig.  6.    BeLation  between  Coefficient  op  Discharge  for  the  Short  Pipe 
WITH  Mouthpieces  and  the  Mean  Velocity  in  Pipe 
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FlO.   7.     BXLATZON    BETWEEN    GOEITIOIENT    OF    DiSOKABOS    FOB    THE    ShOBT    PiPE 
WITH  MOUTHPIEOES  AND  THE  MeAN  YeLOCITT  IN  PiPE    (GoNTINTTED) 
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Fig.  8.    Bslation  bbtwexn  Goeitioiknt  of  Dischabge  fob  the  Short  Pipe 

WITH  MOXTTHPIECES  AND  THE  MeAN  VELOCITY  IN  PiPE    (CONTINUED) 
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Fig.  9.    Belation  between  Ooeiticient  or  Disohabge  for  the  Short  Pipe 
WITH  Mouthpieces  and  the  Mean  Velocity  in  Pipe  (Continued) 
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tank,  the  maximum  velocity  being  slightly  greater  than  5  ft.  per  sec. 
The  values  of  the  coefl&cient  of  discharge  varied  but  little,  ranging 
from  0.783  to  0.788.  The  ratio  of  the  thickness  of  the  pipe  at  entrance 
to  the  diameter  for  the  6-in.  pipe  was  0.05  and  for  the  3-in.  pipe 
this  ratio  was  0.054.  The  entering  edge  of  the  3-in.  pipe  was  some- 
what sharper  than  that  of  the  6-in.  pipe. 

The  value  for  the  lost  head  at  entrance  to  an  inward-projecting 
pipe  as  usually  given  seems  to  be  based  on  rather  meager  data 
obtained  chiefly  from  experiments  with  discharge  into  air  at  rather 
high  velocities  through  tubes  of  small  diameters.  The  value  c  =  0.72 
for  the  coeflScient  of  discharge  seems  to  have  been  handed  down  from 
Weisbach.  Bidone*  reported  a  value  of  c  =  0.767  and  Bilton*  a  value 
of  0  =  0.75  for  a  2%-in.  pipe,  increasing  to  0.79  for  a  1-in.  pipe 
and  to  0.93  for  a  %-in.  pipe,  the  length  in  each  case  being  2V2 
diameters. 

The  values  of  the  coeflScient  of  discharge  and  the  coefl&cient  of 
loss  for  a  flush  entrance  (corresponding  in  these  experiments  to  a 
90-degree  entrance  mouthpiece  having  an  area  ratio  of  1  to  3)  also 
fail  to  check  closely  the  values  so  generally  given  in  texts  and  so 
generally  used,  namely,  0  =  0.82  and  m  =  0.49.  As  shown  in  Fig.  6 
and  Table  6,  the  values  found  in  these  experiments  are  c  =  0.80  and 
m  =z  0.56.    That  is,  the  lost  head  at  entrance  to  a  short  pipe  having 

a  flush  entrance  is  0.56 —     A  90-degree  mouthpiece  with  an  area 

^9 
ratio  of  1  to  3  is  ample  to  give  the  same  conditions  of  flow  as  a  reser- 
voir wall  which  is  flush  with  end  of  the  pipe  and  hence  it  should  give 
the  same  rate  of  discharge. 

More  experimental  data  on  short  pipes  having  flush  entrances 
are  available,  and  they  cover  a  wider  range  of  sizes  and  conditions 
than  do  those  for  inward-projecting  pipes,  the  value  of  the  coeflScient 
of  discharge  ranging  from  0.785  to  0.84  with  the  majority  of  the 
values  lying  below  0.82.* 

The  lost  head  at  the  entrance  to  a  pipe  can  probably  be  deter- 
mined better  from  a  submerged  tube  than  from  one  discharging  into 
air.  It  would  seem,  therefore,  that  the  value  of  the  lost  head  at  the 
entrance  to  an  inward-projecting  pipe  is  not  so  diflferent  from  that 


•See  Appendix  for  references. 
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for  a  pipe  having  a  flush  entrance  as  is  usually  believed^  and  that 
the  common  text  book  values  need  revision  to  apply  to  conditions 
commonly  met  in  hydraulics. 

9.  Entrance  Mouthpieces, — From  Tables  5  and  6  and  the  curves 
in  Figs.  7  and  8,  it  will  be  seen  that  entrance  mouthpieces  having 
angles  of  from  10  degrees  to  30  degrees  (20  degrees  to  60  degrees 
total  angle  of  convergence)  give  practically  the  same  discharge,  while 
all  the  entrance  mouthpieces  having  angles  of  from  5  degrees  to  60 
degrees  (10  degrees  to  120  degrees  total  angle)  give  only  about  5 
per  cent  range  in  the  rate  of  discharge.  In  other  words,  the  lost  head 
at  the  entrance  to  an  inward-projecting  short  pipe  may  be  reduced 
from  0.62  of  the  velocity  head  in  the  pipe  to  0.18  of  the  velocity 
head  by  a  conical  mouthpiece  having  an  angle  ranging  from  10  degrees 
to  30  degrees.  Also,  the  lost  head  will  vary  but  little  from  0.20  of 
the  velocity  head  in  the  pipe  for  all  entrance  mouthpieces  having 
angles  between  10  degrees  and  45  degrees  (20  degrees  and  90  degrees 
total  angle).  It  should  be  stated,  however,  that  conditions  surround- 
ing the  entrance  to  the  mouthpiece  may  have  some  effect,  such  as  the 
accumulation  of  dirt  in  a  passage  or  any  other  obstruction.  Further- 
more, it  is  clear  from  a  comparison  of  Figs.  7  and  8  that  no  advantage 
results  from  increasing  the  length  of  the  entrance  mouthpiece  beyond 
that  corresponding  to  an  area  ratio  of  1  to  2.  The  lost  head  at  the 
entrance  to  a  mouthpiece  is  sometimes  considered  the  same  as  would 
occur  at  the  entrance  to  an  inward  projecting  pipe  of  the  same  area 
as  that  of  the  mouthpiece ;  that  is,  the  lost  head  is  found  by  multiply- 
ing the  velocity  head  at  entrance  to  the  mouthpiece  by  the  coefficient 
of  loss  for  an  inward  projecting  pipe.  There  seems  to  be  little 
reason  to  justify  such  a  method,  since  an  entrance  mouthpiece  having 
an  area  ratio  of  1  to  3  gives  almost  the  same  lost  head  as  one  with  an 
area  ratio  of  1  to  2  while  the  velocity  head  at  entrance  to  the  former 
mouthpiece  would  be,  of  course,  only  one  ninth  of  that  of  the  latter. 

It  is  not  clear  just  what  effect  a  straight  throat  or  pipe  has  when 
added  to  an  entrance  mouthpiece.  The  discharge  through  the  mouth- 
pieces alone  was  not  determined  in  these  experiments.  It  would  seem 
that  if  the  mouthpiece  suppressed  the  contraction  very  completely, 
the  pipe  would  cause  added  resistance  only,  and  hence  decrease  the 
discharge,  while  if  the  suppression  was  rather  incomplete,  the  pipe 
might  recover  some  of  the  velocity  head  during  the  expansion  in  it. 
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If  this  was  in  excess  of  the  head  lost  during  the  expansion,  the  net 
resolts  might  be  an  increase  in  the  discharge.  Further,  the  sup- 
pression of  the  contraction  by  an  entrance  mouthpiece  not  only  de- 
creases the  entrance  loss  but  also  reduces  the  turbulence  of  the  sub- 
sequent flow  in  the  pipe,  thereby  inereasing  the  effect  of  a  discharge 
mouthpiece.  This  will  be  discussed  later  under  the  heading  of  Com- 
binations of  Mouthpieces  and  Effect  of  Smooth  Flow. 

10.  Earlier  Experiments  with  Entrance  Mouthpieces. — The 
results  of  other  experimenters  on  entrance  mouthpieces  are  not  en- 
tirely consistent  but  give  data  of  considerable  importance.  Table  3 
gives  in  condensed  form  the  results  of  the  more  important  experi- 
ments. From  this  table  it  will  be  seen  that  adding  a  straight  pipe  to 
the  mouthpiece  used  by  Balch  increased  the  discharge  while  in  the 
experiments  by  Stewart  the  discharge  was  decreased.  Futhermore, 
the  coefficient  of  discharge  increased  with  the  velocity  in  the  experi- 
ments by  Balch  and  also  in  those  by  Davis  and  Balch  but  decreased 
in  the  experiments  by  Ellis,  while  Stewart  found  the  coefficient  to 
decrease  at  first  and  then  to  increase  (not  shown  in  Table  3).  In  the 
experiments  recorded  in  this  bulletin,  the  coefficient  remained  nearly 
constant.  It  will  be  observed  that  the  mouthpieces  used  by  the  last 
four  exx>erimenters  named  in  Table  3  have  a  throat  diameter  less  than 
ll^  in. ;  in  fact  in  only  one  case  is  the  throat  diameter  above  0.6  in. 
These  mouthpieces  give  somewhat  higher  values  for  c  than  do  mouth- 
pieces of  larger  throat  diameters.  Perhaps  the  higher  values  for 
the  coefficients  of  discharge  for  these  small  mouthpieces  may  be  due 
to  a  lesser  amount  of  turbulence;  that  is,  it  may  be  that  the  water 
flowing  through  a  small  mouthpiece  is  affected,  or  controlled  more  by 
the  sides  than  in  the  case  of  a  large  mouthpiece,  at  least  when  the 
water  enters  or  is  received  by  the  mouthpiece  in  a  somewhat  disturbed 
state  of  flow. 

11.  Discharge  Mouthpieces. — As  might  be  expected,  the  angle 
of  the  discharge  mouthpieces  influences  the  flow  in  a  very  different 
way  from  that  of  the  entrance  mouthpieces.  Tables  5  and  6  and  the 
curves  of  Figs.  7  and  8  show  that  when  there  is  no  mouthpiece  on 
the  entrance  end  of  the  short  pipe,  the  coefficient  of  discharge  for  a 
discharge  mouthpiece  (attached  to  the  pipe)  diminishes  rather  rap- 
idly as  the  angle  of  the  mouthpiece  increases,  dropping  somewhat 
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abruptly  to  practically  no  eflPect  for  an  angle  slightly, greater  than  20 
degrees  (40  degrees  total  angle). 

It  will  be  noted  also  by  a  comparison  of  Figs.  10  and  11  that 
increasing  the  length  of  the  discharge  mouthpiece  beyond  that  eorre- 
sponding  to  an  area  ratio  of  1  to  2  has  comparatively  little  effect  on 
the  rate  of  discharge.  It  may  be,  however,  that  an  increase  in  length 
would  show  a  greater  effect  for  smaller  angles  than  were  used  in 
these  experiments,  that  is,  for  angles  less  than  5  degrees  for  an  area 
ratio  of  1  to  2  or  less  than  10  degrees  for  an  area  ratio  of  1  to  3.  But, 
it  will  appear  (see  article  12)  that  the  size  of  the  pipe,  or  the  smallest 
area  of  the  mouthpiece,  is  a  much  more  important  factor  in  the  flow 
through  a  discharge  mouthpiece  than  it  is  for  an  entrance  mouth- 
piece. In  other  words,  a  discharge  mouthpiece  with  a  throat  diameter 
ot  y2  in.  may  give  quite  different  results  from  that  of  a  discharge 
mouthpiece  having  the  same  area  ratio  and  the  same  angle  of  diver- 
gence but  with  a  throat  diameter  of  6  in.,  at  least  when  the  water 
is  received  by  the  mouthpiece  in  a  turbulent  state  of  flow.  The  dis- 
charge mouthpiece  with  the  small  throat  diameter  (having  a  rela- 
tively large  ratio  of  circumference  to  cross-sectional  area)  seems  to 
be  able  to  affect  a  greater  percentage  of  the  water  flowing  and  thus 
regain  more  energy  per  pound  of  water  discharged.  Furthermore, 
the  chances  of  having  the  water  approach  the  discharge  mouthpiece 
with  smooth  flow  is  greater  in  the  case  of  the  small  pipe,  hence  per- 
haps the  two  causes  work  together,  and  for  any  given  case  they  would 
be  difficult  to  separate.  For  these  reasons  a  comparison  with  earlier 
experiments  on  discharge  mouthpieces  for  the  purpose  of  extending 
the  present  experiments  is  apt  to  be  misleading. 

It  is  clear  from  Figs.  10  and  11  that  the  governing  factor  in  the 
recovering  of  velocity  head  by  means  of  a  discharge  mouthpiece 
attached  to  a  short  pipe,  having  a  diameter  of  several  inches  or  more, 
is  the  angle  at  which  expansion  begins — rate  of  expansion  at  the 
start — at  least  when  the  total  angle  of  divergence  is  not  less  than  10 
degrees  and  the  area  ratio  not  less  than  1  to  2. 

12.  Earlier  Experiments  with  Discharge  Mouthpieces, — Table  4 
gives,  in  condensed  form,  the  results  of  the  more  important  earlier 
experiments  with  discharge  mouthpieces.  These  experiments  seem 
to  show  the  influence  of  the  size  of  throat  area  as  discussed  above. 
The  increase  in  the  coefficient  of  discharge,  c,  with  an  increase  in 
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Pio.  10.    Belation  between  Coeppicient  or  Dischaboe  roB  the  Shobt  Pipe 
WITH  Mouthpieces  and  Angle  op  Mouthpiece  pob  Abea  Batio  op  1  to  2 
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Fio.  11.    Relation  between  Coeppicient  op  Dischaboe  pob  the  Shobt  Pipe 
WITH  Mouthpieces  and  Angle  op  Mouthpiece  pob  Abea  Ratio  op  1  to  3 


Digitized  by 


Google 


EPPECT  OP  MOUTHPIECES  ON  PLOW  THROUGH  SUBMERGED  PIPE        39 

the  length  of  the  discharge  mouthpieces  having  small  throat  diame- 
ters is  probably  somewhat  larger  than  would  be  obtained  with  mouth- 
pieces having  large  throat  diameters  but  with  the  same  angles  of 
divergence.  As  already  noted  in  the  experiments  herein  recorded  the 
value  of  c  increased  very  little  for  an  increase  in  length  correspond- 
ing to  an  increase  in  area  ratio  from  1  to  2  to  1  to  3  when  the  total 
angle  of  divergence  was  20  degrees  or  more.  It  is  clear  from  Table  4 
that  for  discharge  mouthpieces  having  small  throat  diameters  and 
with  the  water  in  a  state  of  smooth  flow  as  it  approaches  the  mouth- 
piece (entrance  mouthpiece  attached ),  an  increase  in  length  has  a 
marked  effect  on  the  discharge.  It  will  be  noted  that  the  greatest 
increase  in  c  in  the  experiments  reported  by  Francis  occurred  when 
the  area  ratio  was  increased  from  1  to  2  to  1  to  5.  It  is  probable 
that  the  increase  in  length  would  have  been  more  noticeable  in  the 
present  experiments  for  smaller  angles  of  divergence,  particularly  for 
the  smoother  conditions  of  flow. 

13.  Combinations  of  Mouthpieces  and  Effect  of  Smooth  Flow. — 
In  order  to  get  some  measure  of  the  influence  of  smooth  flow  upon  the 
rate  of  discharge  and  the  amount  of  velocity  head  recovered  by  a 
discharge  mouthpiece,  experiments  were  made  using  combinations  of 
an  entrance  and  a  discharge  mouthpiece  when  attached  to  the  short 
pipe.  The  results  are  given  in  Table  7.  It  will  be  seen  from  this 
table  that  a  discharge  mouthpiece  acts  more  effectively  in  recovering 
velocity  head  when  a  mouthpiece  is  attached  to  the  entrance  end. 
The  following  example  will  show  this  in  the  case  of  the  5-degree  (1  to 
2)  discharge  mouthpiece.  This  mouthpiece  gave  a  coefficient  of  dis- 
charge of  0.99  (Table  5)  when  no  mouthpiece  was  attached  to  the 
entrance  end  of  the  short  pipe.  Prom  Table  7  it  will  be  seen  that 
the  short  pipe  with  a  combination  of  the  5-degree  (1  to  2)  discharge 
mouthpiece  and  the  20-degree  (1  to  2)  entrance  mouthpiece  gave  a 
coefficient  of  discharge  of  1.34.  This  means  that  the  5-degree  mouth- 
piece has  a  coefficient  of  discharge  of  1.137  when  used  in  combina- 
tion with  the  20-degree  entrance  mouthpiece.  This  value  is  obtained 
from  the  following  steps:  Attaching  a  5-degree  (1  to  2)  discharge 
mouthpiece  to  the  short  pipe  when  no  entrance  mouthpiece  is  used 
is  equivalent  to  raising  the  head  on  the  inward  projecting  pipe  from 
h  to  1.59A  as  obtained  by  equating  the  rates  of  discharge, 
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0.99  a  V2^  =  0.785  a  y/2gH^,  from  which  JId  =  1.59fc. 

In  like  maimer  it  is  found  that  attaching  a  20-degree  (1  to  2)  mouth- 
piece to  the  entrance  end  of  the  pipe  when  no  mouthpiece  is  attached 
to  the  disharge  end  is  equivalent  to  raising  the  head  on  the  inward 
projecting  pipe  from  h  to  1.39fc  (JSTb  =  1.39fc). 

Now  if  both  of  these  mouthpieces  were  attached  to  the  short  pipe, 
it  might  be  expected  that  the  head  on  the  inward  projecting  pipe 
required  to  give  the  same  discharge  (equivalent  head)  would  be 
1.39A,  times  1.59  or  2.21/i  and  that  the  coeflScient  of  discharge  for  the 
combination,  Cc,  would  be  found  from, 


Ce  aV2flf/t  =  0.785  a\/2g  {2.21h)  or,  c,  =  1.17*   .      .      (7) 

As  already  noted,  however,  the  coeflScient  of  discharge  for  this  com- 
bination as  found  from  experiment  is  1.34  (Table  7)  which  cor- 
responds to  an  equivalent  head  of  2.92/t.  If  all  of  this  increase  is 
attributed  to  the  more  eflScient  action  of  the  discharge  mouthpiece 
due  to  the  fact  that  it  receives  the  water  in  more  nearly  parallel  stream- 
lines (smooth  flow),  the  result  is  an  equivalent  head  for  the  5-degree 
(1  to  2)  discharge  mouthpiece  of  2.10/t  (Col.  7,  Table  7)  instead  of 
1.59^,  an  increase  of  0.51/t  due  to  smooth  flow.  Hence,  the  coeflScient 
of  discharge  for  the  short  pipe  with  the  5-degree  (1  to  2)  discharge 
mouthpiece,  assuming  smooth  flow  as  the  water  approaches  the  mouth- 
piece, would  be  found  from 


Cd  ay2gh  =  0.7S5  ay/2g  (2.10/i),  or  Cd  =  1.137t  .      .      (8) 

as  compared  with  0.99.  In  other  words,  this  particular  mouthpiece 
gives  an  increase,  due  to  smooth  flow,  of  14.9  per  cent  in  the  rate  of 
discharge. 

Tables  5  and  6  give  the  values  of  the  coeflScient  of  discharge  for 
the  short  pipe  with  the  various  discharge  mouthpieces  attached  when 
the  water  flowed  through  an  entrance  mouthpiece  on  its  way  to  the 
discharge  mouthpiece.  These  values  are  represented  by  the  dash  lines 
in  Figs.  10  and  11.  Even  though  the  entrance  mouthpiece  used  gives 
stream  lines  that  are  far  from  parallel,  it  is  thought  that  a  less  turbu- 
lent condition  of  flow  would  seldom  be  found  at  least  in  a  6-in.  pipe, 
and  for  velocities  above  2  ft.  per  sec.      Hence,  the  values  of  tlie 


•See  Table  7. 

tSee  Col.  9,  Table  5. 


Digitized  by 


Google 


EFFECT  OF  MOUTHPIECES  ON  FLOW  THROUGH  SUBMERGED  PIPE 


41 


coeflScient  of  discharge  given  by  the  dash  lines  are  about  the  maxi- 
mum to  be  expected.  In  each  combination  the  entrance  mouthpiece 
used  was  one  giving  about  the  minimum  contraction. 

Tables  7  and  8  also  give  the  percentage  gain  in  the  coeflScient  of 
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Fio.  12.    Relation  between  Per  Cent  Gain  in  Coepficient  or  Discharge  for 

DiscHAROE  Mouthpieces  Due  to  Entrance  Mouthpiece,  and 

Angle  or  Discharge  Mouthpieces 

discharge  for  the  various  discharge  mouthpieces  due  to  the  entrance 
mouthpiece.  The  relation  of  this  gain  to  the  angle  of  the  discharge 
mouthpiece  is  shown  in  Fig.  12  for  both  series  of  mouthpieces.  It 
will  be  noted  that  as  the  angle  of  the  discharge  mouthpiece  increases 
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from  5  degrees  (10  degrees  total  angle)  the  gain  in  the  coefficient 
decreases  rather  rapidly,  reaching  zero  for  both  series  of  mouth- 
pieces at  an  angle  of  about  20  degrees  (40  degrees  total  angle  of 
divergence).  Furthermore,  this  is  the  same  angle  at  which  a  dis- 
charge mouthpiece  rather  abruptly  ceases  to  regain  any  velocity  head 
when  no  mouthpiece  is  used  on  the  entrance  end  (see  Figs.  10  and 
11).  It  would  seem,  therefore,  that  a  20-degree  discharge  mouthpiece 
(total  angle  of  divergence  of  40  degrees),  or  one  with  a  greater  angle, 
allows  such  a  turbulent  condition  of  the  water  to  develop  that  it  is 
unable  to  recover  any  velocity  head  no  matter  how  smooth  the  flow 
may  be  as  the  water  approaches  the  mouthpiece.  It  is  worth  noting 
also  that  a  comparison  of  the  results  in  Table  5,  Col.  10,  and  Table  6, 
Col.  10,  indicates  that  the  length  of  a  discharge  mouthpiece  has  a 
somewhat  larger  influence  on  the  discharge  when  smooth  flow  exists 
than  when  the  flow  is  more  turbulent,  and  it  is  probable  that 
this  effect  would  have  been  more  noticeable  for  smaller  angles  of 
divergence. 

Attention  has  been  called  to  the  fact  that  the  theoretical  amount 
of  velocity  head  which  is  possible  of  recovery  by  discharge  mouth- 
pieces having  area  ratios  of  1  to  2,  1  to  3,  and  1  to  4  is  respectively 
75,  88,  and  94  per  cent  of  the  velocity  head  in  the  pipe.  The  effect 
of  smooth  flow  may  also  be  measured  in  terms  of  the  increase  in  the 
amount  of  velocity  head  recovered  by  the  discharge  mouthpieces. 
For  example,  the  coefficient  of  loss  for  the  particular  combination 
discussed  above  is  0.232  (Col.  5,  Table  7)  and  the  coefficient  of  loss 
for  the  pipe  with  the  20-degree  (1  to  2)  entrance  mouthpiece  only, 
is  0.165.  Hence  the  loss  of  head  in  the  discharge  mouthpiece  alone 
is  0.067  times  the  velocity  head  in  the  pipe.  But  0.75  of  the  velocity 
head  is  the  maximum  amount  possible  of  recovery,  and  since  the 
mouthpiece  lost  0.067  velocity  heads,  the  amount  recovered  is  0.683 
velocity  heads  which  is  91  per  cent  of  the  maximum  amount  possible 
of  recovery  (Table  7,  Col.  11).  By  a  similar  analysis  it  is  shown  that 
these  same  mouthpieces  would  have  regained  58  per  cent  of  the 
theoretical  amount  possible  of  recovery  if  the  5-degree  (1  to  2)  dis- 
charge mouthpiece  had  given  the  same  action  when  in  combination  as 
it  did  when  it  was  the  only  mouthpiece  attached.  That  is,  smooth 
flow  allows  a  5-degree  (1  to  2)  discharge  mouthpiece  to  recover  33 
per  cent  more  velocity  head  than  when  the  water  approaches  this 
mouthpiece  in  a  turbulent  state  of  flow   (Table  5,  Col.  11).     The 
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relation  between  the  increase  in  the  velocity  head  recovered  by  the 
discharge  mouthpieces  due  to  an  entrance  mouthpiece,  expressed  in 
per  cent  of  the  maximum  theoretical  amount  possible  of  recovery,  and 
the  angle  of  the  discharge  mouthpieces  is  shown  in  Pig.  11.  It  is  prob- 
able that  the  two  .curves  should  have  the  same  ordinate  for  a  15- 
degree  mouthpiece.  At  least,  the  curve  for  the  mouthpieces  having 
an  area  ratio  of  1  to  3  should  not  be  above  the  other  curve.  If  the 
same  entrance  mouthpiece  had  been  used  in  each  case,  the  difference 
would  probably  have  been  negligible.  The  curves,  therefore,  are 
drawn  to  give  the  same  ordinate  for  the  15-degree  mouthpiece. 

In  the  foregoing  discussion  it  has  been  assumed  that  adding  a  dis- 
charge mouthpiece  to  the  short  pipe  will  not  change  the  state  of  flow 
in  the  pipe.  This  is  probably  true  if  the  pipe  has  an  entrance  mouth- 
piece attached,  suppressing  the  contraction!  If,  however,  there  is 
no  mouthpiece  on  the  entrance  end,  it  appears  that  the  influence  of 
the  discharge  mouthpiece  extends  back  into  the  pipe,  producing,  in 
effect,  a  mouthpiece  whose  smallest  cross-sectional  area  is  somewhat 
less  than  the  area  of  the  pipe  and  perhaps  allowing  the  expansion  of 
the  stream  in  the  pipe  to  be  continuous  with  that  in  the  mouthpiece. 
For  example,  the  short  pipe  with  a  10-degree  (1  to  2,  20-degree  total 
angle)  discharge  mouthpiece  gave  a  coeflScient  of  loss  of  0.872  (Table 
5),  and  since  the  short  pipe  without  any  mouthpiece  attached  gives 
a  coefScient  of  loss  of  0.62,  the  mouthpiece  alone  should  give  a  loss 
of  0.252  times  the  velocity  head  in  the  pipe.  But  from  Table  7  it 
will  be  seen  that  this  same  mouthpiece  gives  in  combination  with  a 
20-degree  (1  to  2)  entrance  mouthpiece  a  coefficient  of  loss  of  0.468, 
and  after  deducting  0.165,  which  is  the  loss  for  the  short  pipe  with 
the  20-degree  entrance  mouthpiece,  0.303  is  left  as  the  coefficient  of 
loss  for  the  discharge  mouthpiece  alone.  This  is  inconsistent  with 
the  value,  0.252,  already  established.  A  similar  effect  occurs  with 
all  the  mouthpieces  except  the  5-degree.  The  explanation,  as  already 
suggested,  seems  to  be  that  the  coefficient  of  loss  for  the  short  pipe 
is  less  than  0.62  when  a  discharge  mouthpiece  is  attached;  that  the 
influence  of  the  mouthpiece  is  felt  back  into  the  pipe.  This  also  helps 
to  explain  why  the  coefficients  of  discharge  for  mouthpieces  with 
small  throat  diameters  and  connected  by  a  short  throat  are  relatively 
large. 

Fig.  13  shows  the  relation  between  the  coefficient  of  loss  for  the 
short  pipe  with  entrance  mouthpiece  attached  and  the  angle  of  mouth- 
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piece.  It  also  shows  the  relation  for  the  discharge  mouthpieces  alone 
as  obtained  by  deducting  the  loss  up  to  the  mouthpiece.  The  values 
for  the  discharge  mouthpieces  alone  are  the  larger  ones  as  indicated 
in  the  example  given.  The  values  are  given  in  Table  5.  The  number 
of  velocity  heads  in  the  pipe  recovered  by  any  discharge  mouthpiece 
would  be  the  value  obtained  by  subtracting  the  ordinate  to  the  curve 
in  Pig.  11  from  0.75  for  an  area  ratio  of  1  to  2  and  from  0.88  for  an 
area  ratio  of  1  to  3. 

14.    ExpervmeifUal  Difficvlties  Encountered, — During  the  early 
part  of  the  investigation  great  difficulty  was  experienced  in  getting 
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Fio.  13.    Relation  between  Goeiticient  or  Loss  and  Angle  of  Mouthpiece 

consistent  results  at  the  higher  velocities,  especially  with  mouthpieces 
having  small  angles  of  divergence.  The  head  would  fluctuate  at  times 
for  apparently  no  good  cause,  and  the  value  of  the  coefficient  of  dis- 
charge would  vary  considerably  in  successive  experiments.  It  was 
noticed  finally  that  vortices  sometimes  formed  in  the  upstream  com- 
partment causing  a  ^'suck  hole"  as  large  as  1^  in.  in  diameter  at 
the  water  surface  and  tapering  to  a  fine  point  some  10  or  12  in. 
below  the  surface.  It  was  observed  also  that  this  vortex  motion  was 
more  active  and  persistent  when  the  unsteady  conditions  prevailed, 
but  in  no  case  did  it  appear  to  allow  air  to  enter  the  pipe.    In  order  to 
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prevent  the  formation  of  the  vortex  a  float  was  made  fitting  closely 
in  the  upstream  compartment.  Grill  work  on  the  under  part  of  the 
float  extended  deep  enough  to  suppress  the  vortex  before  it  could 
fully  form.  Results  were  more  consistent  after  the  float  was  used, 
and  it  was  kept  in  use  for  the  remainder  of  the  experiments.  It  was 
at  once  noticed,  however,  that  the  coeflScient  of  discharge  for  the 
longer  discharge  mouthpieces  was  lowered  by  the  use  of  the  float 
and  considerable  time  was  spent  in  attempting  to  measure  the  effect 
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Fig.  14.    Bxlation  bktwxen  Gain  in  Vklogitt  Head  Becovessd  bt  Discharge 
Mouthpieces  Due  to  Entrance  Mouthpiece,  Expressed  in  Per  Cent 
OF  Theoretical  Amount  Possible  of  Becovert,  and 
Angle  of  Discharge  Mouthpiece      « 

of  the  vortex.  The  experimental  results  clearly  indicated  that  the 
vortex  motion  may  increase  the  discharge  by  at  least  2  per  cent  in  the 
ease  of  the  discharge  mouthpieces  with  the  smaller  angles.  If  air  had 
entered  the  pipe,  the  discharge  would,  of  course,  have  been  decreased. 
It  would  appear,  therefore,  that  the  whirling  motion  of  the  water 
allowed  it  to  enter  the  pipe  with  less  contraction.  With  a  15-degree 
discharge  mouthpiece,  the  vortex  seemed  to  show  no  effect  although 
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the  vortex  was  not  so  large  nor  active  as  for  the  5  and  10-degree 
mouthpiece.  This  suggests  that  perhaps  the  increase  due  to  the 
vortex  is  caused  more  by  the  smoother  flow  of  the  water  as  it  ap- 
proaches the  discharge  mouthpiece,  resulting  in  more  efficient  action 
by  the  mouthpiece  (as  already  discussed),  than  by  reduction  in  the 
entrance  loss. 

Another  troublesome  factor  met  with  during  the  experiments 
was  that  of  temperature  changes  of  the  water  in  the  2-in.  pipes  used 
as  still  basins  for  the  hook  gauges.  The  zero  readings  of  the  gauges 
were  taken  frequently  during  the  experiments  and  were  found  to 
remain  constant  until  the  summer  months  when  results  became  very 
erratic.  After  considerable  time  it  was  discovered  that  the  trouble 
was  due  to  the  fact  that  the  sun  shone  only  on  the  pipe  attached  to  the 
downstream  compartment  early  in  the  afternoon,  later  shifting  so  as 
to  shine  only  on  the  pipe  attached  to  the 'upstream  compartment. 
After  correcting  for  the  difference  in  temperature  thus  caused  in  the 
two  still-basin  pipes,  consistent  results  were  obtained.  It  was  found, 
however,  that  the  whole  trouble  could  be  avoided  by  frequently  taking 
water  from  the  tank  and  pouring  it  down  the  pipes. 

15.  Conclusions. — The  preceding  discussion  has  shown  that  the 
losses  accompanying  the  flow  of  water  depend  largely  upon  the  state 
of  its  motion  which  in  turn  is  influenced  by  many  factors,  the  effects 
of  which  in  many  cases  can  be  but  roughly  estimated.  While  the 
results  of  these  experiments  tend  to  define  the  range  of  such  effects 
for  certain  conditions  of  flow,  additional  experiments  would  be  neces- 
sary to  establish  all  the  inferences  which  have  been  suggested.  The 
following  conclusions,  however,  seem  justified: 

a.  As  applying  to  conditions  likely  to  be  met  in  engineer- 
ing practice,  the  value  for  the  head  lost  at  the  entrance  to  an 
inward-projecting  pipe  (i.  e.  without  entrance  mouthpiece  and 
not  flush  with  wall  of  the  reservoir)  is  0.62  of  the  velocity  head 

in  the  pipe  (0.62 — )  instead  of  0.93 — ,  as  usually  assumed.    To 
2g  2g 

put  it  in  another  form,  the  coefficient  of  discharge  for  a  sub- 
merged short  pipe  with  an  inward-projecting  entrance  is  0.785 
instead  of  0.72  as  given  in  nearly  all  books  on  hydraulics.  Fur- 
ther, the  lost  head  at  the  entrance  to  a  pipe  having  a  flush  or 

square  entrance  is  0.56  of  the  velocity  head  in  the  pipe  (0.56 — / 
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instead  of  0.49  —  as  usually  assumed.     In  other  words,  the 

coefficient  of  discharge  for  a  submerged  short  pipe  with  a  flush 
entrance  is  0.80  instead  of  0.82  as  given  by  nearly  all  authorities. 
6.  The  loss  of  head  resulting  from  the  flow  of  water 
through  a  submerged  short  pipe  when  a  conical  mouthpiece  is 
attached  to  the  entrance  end,  may  be  as  low  as  0.165  of  the 

velocity  head  in  the  pipe  (0.165  — )  if  the  mouthpiece  has  a 

2^ 
total  angle  of  convergence  between  30  and  60  degrees  and  an 
area  of  ratio  of  end  sections  between  1  to  2  and  1  to  4  or  some- 
what greater.  In  other  words,  the  coefficient  of  discharge  for 
a  submerged  short  pipe  with  an  entrance  mouthpiece  as  q;)ecified 
above  is  0.915. 

c.  The  loss  of  head  which  occurs  when  water  flows  through 
a  submerged  short  pipe  having  an  entrance  mouthpiece  varies 
but  little  with  the  angle  of  the  mouthpiece  if  the  total  angle  of 
convergence  is  between  20  and  90  degrees  and  if  the  area  ratio 
is  between  1  to  2  and  1  to  4  or  somewhat  more.  The  loss  of  head 
for  any  mouthpiece  within  this  range  would  be  approximately 

0.20  of  the  velocity  head  in  the  pipe  (0.20 — ).    There  is,  there- 

2ff 
fore,  little  advantage  to  be  gained  by  making  an  entrance  mouth- 
piece longer  than  that  corresponding  to  an  area  ratio  of  1  to  2. 
Thus,  an  entrance  mouthpiece  with  a  total  angle  of  convergence 
of  90  degrees  and  the  length  of  which  is  only  0.2  of  the  diameter 

of  the  pipe  gives  approximately  0.20  —  for  the  loss  of  head. 

2g 

d.  The  amount  of  velocity  head  recovered  by  a  conical 
mouthpiece  when  attached  to  the  discharge  end  of  a  submerged 
short  pipe  depends  largely  upon  the  angle  of  divergence  of  the 
mouthpiece,  but  comparatively  little  upon  the  length  of  the 
mouthpiece.  This  is  true  for  lengths  greater  than  that  cor- 
responding to  an  area  ratio  of  1  to  2  and  for  total  angles  of 
divergence  of  10  degrees  or  more.  The  amount  of  velocity  head 
recovered  decreases  rather  rapidly  as  the  angle  of  divergence 
increases  from  a  total  angle  of  10  to  40  degrees.  At  or  near  40 
degrees  the  amount  of  velocity  head  recovered  rather  abruptly 
falls  to  approximately  zero. 
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6.  A  conical  discharge  mouthpiece  having  a  total  angle  of 
divergence  of  10  degrees  and  an  area  ratio  of  1  to  2,  when 
attached  to  a  submerged  short  pipe,  will  recover  0.435  of  the 
velocity  head  in  the  pipe,  which  is  58  per  cent  of  the  theoretical 
amount  possible  of  recovery. 

/.  The  amount  of  velocity  head  recovered  by  a  diverging 
or  discharge  mouthpiece  when  attached  to  a  submerged  short 
pipe  is  considerably  more  when  a  converging  or  entrance  mouth- 
piece is  also  attached  than  it  is  when  the  entrance  end  of  the 
short  pipe  is  simply  inward-projecting  (no  mouthpiece  at- 
tached). This  excess  in  the  velocity  head  recovered  diminishes 
rather  rapidly  as  the  angle  of  the  discharge  mouthpiece  in- 
creases, and  it  becomes  zero  for  a  discharge  mouthpiece  having 
a  total  angle  of  divergence  of  approximately  40  degrees.  This 
increase  in  the  velocity  head  recovered  is  probably  due  to  the 
effect  of  smooth  flow  in  the  pipe  as  the  water  approaches  the 
discharge  mouthpiece.  The  smooth  flow  allows  the  mouthpiece 
to  recover  more  of  the  velocity  head  in  the  pipe  than  when  a 
more  turbulent  flow  exists;  this  increase  amounts  to  as  much 
as  33  per  cent  in  the  case  of  the  discharge  mouthpiece  having  a 
total  angle  of  divergence  of  10  degrees  and  an  area  ratio  of 
lto2. 

While  these  conclusions  are  drawn  from  experiments  on  the 
flow  of  water  through  a  particular  short  pipe  having  various  entrance 
and  discharge  conditions,  it  is  felt  that  the  results  of  the  experiments 
are  applicable  in  a  general  way  to  a  large  variety  of  cases  in  engineer- 
ing practice  where  the  contraction  and  expansion  of  a  stream  of  water 
occurs.    A  number  of  such  cases  are  suggested  in  the  introduction. 
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EFFECTS  OF  STORAGE  UPON  THE  PROPERTIES  OF  COAL 


I.    Introduction 

The  need  of  a  thorough  understanding  of  the  conditions  affecting 
the  storage  of  bituminous  coal  is  becoming  more  and  more  apparent. 
The  demand  for  coal  at  certain  seasons  is  so  great  that  both  mining 
and  transportation  facilities  are  taxed  severely  in  meeting  it.  Provi- 
sion has  not  been  made  for  adequate  and  proper  storage  of  bituminous 
coal  either  at  the  mines  or  at  the  distributing  centers,  and  as  a  result 
of  this  lack  there  must  be  maintained  throughout  the  year  a  sufficient 
number  of  operating  mines  to  meet  what  may  be  termed  the  **peak 
load"  which  occurs  during  the  winter  months.  At  such  times  also 
there  is  often  a  shortage  of  cars,  although  a  smaller  number  of  cars 
even  than  is  now  available  would  be  needed  if  the  work  of  transporta- 
tion could  be  more  evenly  distributed  throughout  the  year.  Mr.  C.  Q. 
Hall,  Secretary  of  the  International  Railway  Fuel  Association,  has 
made  an  estimate  showing  that  the  number  of  excess  mines  over  and 
above  those  which  would  be  normally  required  to  meet  the  demand, 
provided  their  work  could  be  distributed  evenly  through  the  year, 
represents  an  investment  in  the  United  States  of  $450,000,000.  In 
addition,  the  extra  coal  cars,  which  must  be  at  hand  when  the  demand 
is  heavy  but  which  stand  idle  accumulating  rust  for  the  rest  of  the 
year,  have  cost  the  railways  no  less  than  $105,000,000  more  than  would 
be  necessary  if  the  same  tonnage  could  be  hauled  at  an  even  rate. 
These  wastes  eventually  affect  the  cost  per  ton  of  coal,  which  every 
one  must  pay  as  a  contribution  toward  the  capital  investments. 

The  difficulties  attending  these  conditions  are  accentuated  by 
occasional  abnormal  demands  such  as  are  created  upon  the  approach 
of  any  date  for  readjusting  the  wage  scale  with  the  accompanying 
possibility  of  a  strike  or  lockout.  For  example,  in  addition  to  the 
normal  excess  demand  during  the  winter  months  of  1915-16,  a  com- 
pilation of  the  published  amounts  of  coal  being  stored  by  the  various 
railway  systems  and  larger  users  only,  in  view  of  a  possible  strike  in 
April,  aggr^ated  over  3,000,000  tons. 

The  industrial  disturbances  do  not  include  all  of  the  serious  con- 
siderations, however.     If  we  consider  the  labor  distresses  that  are 
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accentuated  as  a  result  of  irregular  employment,  it  at  once  appears 
that  the  problems  involved  are  of  great  sociological  as  well  as  of  eco- 
nomic interest. 

The  work  here  recorded  is  a  continuation  of  certain  studies,  the 
results  of  which  have  been  published  in  bulletin  form  by  the  Engineer- 
ing Experiment  Station  under  the  titles  of  '*The  Weathering  of 
Coal,"*  **The  Occluded  Gases  in  Coal,"t  and  **The  Spontaneous 
Combustion  of  Coal/ 'J 

The  subjects  treated  in  these  publications  are  of  fundamental  im- 
portance, and  a  thorough  understanding  of  the  principles  involved 
under  each  subject  is  necessary  before  any  adequate  discussion  can 
be  undertaken  of  the  problems  connected  with  the  storage  of  coal. 
The  investigations  described  in  Bulletin  38  of  the  University  of  Illi- 
nois Engineering  Experiment  Station,  on  '*The  Weathering  of  Coal" 
were  conducted  with  car-lot  samples  of  coal  stored  under  various  con- 
ditions. The  data  obtained  covered  a  period  of  one  year.  The  investi- 
gation was  continued  for  an  additional  period  of  five  years  more,  or 
for  a  total  period  of  six  years.  The  coal  was  then  turned  over  to  the 
power  plant  for  steam  generation,  and  boiler  tests  were  made  to  estab- 
lish the  character  of  the  various  samples.  These  data,  together  with 
other  facts  bearing  upon  the  general  subject  of  coal  storage,  have 
accumulated  to  an  extent  which  warrants  their  being  brought  together 
for  record  and  discussion  in  this  form. 

Special  acknowledgment  is  due  Mr.  J.  M.  Lindgren,  Chemist,  and 
Mr.  F.  H.  Whittum,  Assistant  Chemist,  for  the  analytical  data  accu- 
mulated beyond  the  first-year  period.  Their  experience  and  skill 
in  the  matter  of  sampling  and  in  the  use  of  analytical  and  calori- 
metric  methods  have  been  especially  noteworthy. 

II.    Summary  op  Results 

The  facts  established  by  this  investigation  may  be  briefly  sum- 
marized as  follows: 

(1)  Freshly  mined  coal  is  chemically  very  active.  Certain 
constituents  have  a  marked  affinity  for  oxygen,  with  which  they 
enter  into  combination  at  ordinary  temperatures.  While  the 
extent  of  this  reaction  depends  upon  the  variety  of  the  coal  and 


•S.  W.  Parr  and  W.  P.  Wheeler.  Univ.  of  111.  Eng.  Exp.  Sta.  Bui.  38,  1009. 
tS.  W.  Parr  and  Perry  Barker,  Univ.  of  111.  Eng.  Exp.  Sta.  Bui.  32,  1909. 
tS.  W.  Parr  and  P.  W.  Kressman,  Univ.  of  111.  Bag.  Exp.  Sta.  Bui.  46,  1010. 
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.the  amount  of  these  active  constituents,  a  very  important  factor 
is  the  fineness  of  division  or  the  sum  total  of  the  superficial 
areas  of  the  particles,  and  accessibility  of  oxygen  to  the  mass. 

(2)  The  actual  loss  of  heat  value  resulting  from  storage 
is  small.  It  is  evident  that  upon  mining  out  the  coal  from  the 
bed  certain  volatile  constituents  of  the  marsh  gas  variety  are  set 
free.  The  heat  values  represented  by  such  exudations  are  not 
great.  The  tendency  to  absorb  oxygen  from  the  air  is  also  a 
marked  characteristic  of  freshly  mined  coal.  This  is  in  reality 
a  chemical  process,  and  is  accompanied  by  the  generation  of  a 
small  amount  of  heat,  but  these  heat  losses,  compared  with  the 
total  heat  available  in- the  coal,  are  insignificant.  Indeed,  it  may 
be  fairly  questioned  whether  the  heat  losses  are  not  more  ap- 
parent than  real  since  there  is  an  increase  of  weight  due  to  the 
absorption  of  oxygen.  Such  increase  will  in  itself  lower  to  a 
corresponding  degree  the  indicated  heat  value  per  pound  of  coal. 

(3)  There  is  an  increase  of  ** fines"  or  slack  resulting  from 
storage,  greater  with  some  coals  than  with  others.  This,  together 
with  the  saturation  of  the  free  burning  constituent  with  oxygen, 
slows  up  the  fire  and  gives  the  appearance  of  being  lacking  in 
heat  value.  However,  with  an  increase  of  draft  and  a  correct 
understanding  of  the  combustion  conditions  to  be  maintained,  a 
most  excellent  over-all  eflSciency  can  be  secured  even  from  coals 
which  have  been  in  storage  for  long  periods. 

(4)  Bituminous  coal  can  be  stocked  without  appreciable 
loss  of  heat  values  provided  the  temperature  is  not  allowed  to 
rise  above  180  degrees  F.  Any  method  of  storage,  to  be  success- 
ful, must  either  check  or  prevent  the  absorption  of  oxygen  to 
such  an  extent  that  the  generation  of  heat  shall  not  proceed 
faster  than  the  dissipation  and  loss  of  heat  due  to  absorption  or 
radiation. 

(5)  Underwater  storage  prevents  loss  of  heat  values,  and 
is  not  accompanied  by  deterioration  in  physical  properties,  such 
as  slacking.  The  water  retained  by  the  coal  upon  removal  is 
substantially  only  that  held  by  adhesion  or  capillarity. 

(6)  Dry  storage  is  safer  €uid  more  satisfactory  if  the  fine 
material  is  screened  out  at  the  storage  yard  and  lump  only,  pref- 
erably sized,  is  stocked. 
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It  will  be  seen  from  this  summary  that  the  most  serious  part  of 
the  problem  relates  to  the  matter  of  spontaneous  heating,  and  prob^ 
ably  the  least  serious  phase  relates  to  deterioration  and  actual  loss 
of  heat  values.  It  is  certain  that  at  the  present  time  a  better  under- 
standing of  these  difficulties  has  been  reached,  and  there  is  reason  for 
believing  that  this  better  understanding  of  the  fundamental  principles 
involved  will  lead  to  some  practicable  and  safe  procedure  for  the 
stocking  of  bituminous  coal. 

III.    Effects  of  Storage  Upon  Coal 

HEATING  AND  SPONTANEOUS  COMBUSTION 

It  is  a  well  established  fact  that  freshly  mined  coal  has  a  large 
absorptive  capacity  for  oxygen.  In  Bulletin  32,  *'The  Occluded  Oases 
in  Coal,"  it  is  made  evident  that  this  avidity  for  oxygen  is  most 
marked  in  the  freshly  mined  coal,  and  after  exposure  to  the  air  for 
four  or  five  months  an  approach  to  the  saturation  point  seems  to  be 
reached  after  which  very  little  oxygen  is  taken  on.  A  correct  inter- 
pretation of  this  phenomenon  is  essential  to  an  understanding  of  the 
spontaneous  heating  of  coal  piles.  The  natural  conclusion  would  be  to 
the  effect  that  the  oxygen  has  been  simply  absorbed  or  occluded ;  that 
it  was  a  physical  rather  than  a  chemical  change.  The  evidence,  how- 
ever, of  all  the  more  recent  investigations  goes  to  show  that  it  is  in  fact 
a  chemical  combination  and  that  it  is  accompanied  by  the  generation 
of  a  small  amount  of  heat.  In  Bulletin  46,  *  *  The  Spontaneous  Com- 
bustion of  Coal,'**  it  is  seen  that  at  a  temperature  of  from  35  to  40 
degrees  C  (95  to  104  degrees  F),  and  with  free  access  of  air,  the 
amount  of  heat  generated  caused  a  rise  in  temperature  of  from  1  to 
iy2  degrees  C  per  day.  Porter  and  Ovitzt  have  measured  the  quantity 
of  oxygen  taken  up  by  a  sample  of  Franklin  County  coal  and  found 
it  to  be  approximately  0.8  per  cent  of  the  weight  of  the  coal.  More- 
over, there  is  only  a  very  small  amount  of  CO2  formed.  This  is  ex- 
plained by  the  fact  that  the  presence  of  certain  unsaturated  com- 
pounds allows  the  oxygen  to  enter  the  molecular  structure  of  the  coal, 
with  which  compounds  the  oxygen  readily  combines. 

These  references  are  a  few  of  many  that  might  be  brought  for- 
ward showing  that  at  ordinary  temperatures  freshly  mined  coal  unites 


*Parr  and  Kressman,  Unly.  of  111.  Eng.  E^Ep.  Station  Bui.  46,  1010. 
tJournal  Industrial  and  Engineering  Chemistry,  Vol.  2. 
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chemically  with  oxygen  and  that  in  the  process  there  is  generated  a 
certain  amount  of  heat. 

1.  Oxidation  of  Pyrites. — ^Much  consideration  has  been  given  by 
various  investigators  to  the  role  of  iron  pyrites  in  promoting  the  heat- 
ing of  coal.  In  the  experiments  carried  out  by  Dennstedt  and  Bunz 
in  1908,*  it  appears  that  self-ignition  may  be  brought  about  in  the 
case  of  coals  having  only  small  amounts  of  pyritic  sulphur.  The  con- 
clusion is  made,  therefore,  that  the  presence  of  iron  pyrites  is  not  an 
essential  condition  for  spontaneous  heating.  Other  investigators  work- 
ing along  similar  lines  have  reached  the  same  conclusion.  Still  others 
seem  to  have  evidence  that  pyritic  sulphur  is  an  active  element  in  the 
case.    A  summary  of  opinions  on  this  point  is  given  as  follows:! 

**As  to  what  part  sulphur  compounds,  especially  pyrite,  play  in 
the  spontaneous  ignition  of  coal,  opinions  differ  greatly.  Some  believe 
pyrite  to  be  the  leading  factor,  while  others  believe  it  plays  no  part 
at  all,  or,  if  so,  ascribe  to  it  a  position  of  minor  importance  and  believe 
its  action  to  be.  merely  a  subsidiary  one.  The  oxidizing  action  of  the 
air  upon  pyrite  is,  however,  admitted,  and  the  notion  seems  to  be 
fairly  general  and  well  established  that  pyritic  oxidation  tends  to 
raise  the  temperature  of  the  coal.  On  the  other  hand,  it  is  seen  from 
the  work  of  Payol,  Dennstedt  and  Bunz,  Threlfall  and  others  that 
coals  containing  pyrite  in  a  quantity  too  insignificant  to  be  noticed  are 
very  apt  to  ignite  spontaneously.  The  Newcastle  coal  of  New  South 
Wales  is  also  a  very  good  example  of  this  class  of  coals.  Others,  how- 
ever, believe  that  the  only  influence  of  the  pyrite  is  a  mechanical  one, 
in  which  the  oxidation  of  the  thin  films  of  pyrite  in  the  coal  serves 
merely  to  break  up  the  coal." 

Investigations  of  this  type,  having  for  their  object  a  study  of  the 
processes  of  oxidation  which  occur  at  normal  temperatures,  are  ex- 
tremely important,  especially  in  that  phase  of  the  work  which  seems  to 
have  fully  established  the  fact  of  oxidation  of  the  organic  constituents 
of  the  coal.  The  conclusions  are  somewhat  at  fault,  however,  in  assum- 
ing that  as  a  consequence  the  pyritic  oxidation  is  of  little  importance. 
It  is  true  that  a  coal  may  heat  seriously  even  though  pyritic  sulphur  is 
absent.    This  does  not  constitute  proof,  however,  that  the  presence  of 

•Zelt  ftlr  Aug.  Cheml.,  Vol.  21.  pp.  1821-36,  1908. 

tParr  and  Kressmann,  "The  Spontaneous  Combustion  of  Coal,"  Unly.  of  111.  Ens. 
Dzp.  Sta.  Bui.  46,  pp.  83.  1010. 
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pyritic  sulphiir  in  coals  may  not  be  equally,  or  even  more  largely, 
responsible  for  heating  than  the  organic  constituents. 

This  is  clearly  set  forth  in  Bulletin  46.*  On  page  52,  under  *  *  Iron 
Pyrites,"  a  summarized  statement  is  given  as  follows : 

'*The  presence  of  sulphur  in  the  form  of  iron  pyrites  is  a  positive 
source  of  heat  due  to  the  reaction  between  sulphur  and  oxygen.  This 
may  be  conveniently  referred  to  as  the  second  stage  in  the  process  of 
oxidation.  Here  again  rapidity  of  oxidation  is  directly  dependent 
upon  fineness  of  division.  Since  coals,  as  a  rule,  have  a  much  higher 
earthy  or  ash  content  in  the  fine  duflf,  and  since  iron  pyrites  is  a  large 
component  of  this  material,  it  follows  that  the  presence  of  dust  or 
duff  in  all  coals  of  the  Illinois  type  is  a  positive  source  of  danger.'' 

However,  in  this  summary  the  authors  give  first  place  in  time  and 
effect  to  the  oxidation  of  the  organic'  matter  and  consider  that  the 
activity  of  the  pyrites  waits  somewhat  upon  the  rise  in  temperature 
from  such  organic  oxidation  before  action  with  sulphur  reaches  a  seri- 
ous phase.  Special  emphasis  was  laid  upon  the  oxidation  of  sulphur  as 
a  source  of  heat,  but  the  experiments  did  not  specifically  give  direct 
evidence  as  to  the  temperature  at  which  pyritic  sulphur  began  to 
oxidize. 

2.  Growth  of  Sulphates. — Data  on  the  oxidation  of  sulphur  have 
recently  been  developed  in  connection  with  the  study  of  variations 
in  the  determination  of  ash  vainest  which  have  a  bearing  in  this  con- 
nection. The  fact  appears  that  the  oxidation  of  sulphur  is  active  at 
ordinary  temperatures  provided  (a)  that  the  pyritic  iron  be  finely 
divided,  and  (b)  that  free  moisture  be  present  in  suflScient  amount  to 
satisfy  the  reactions  involved.  For  example,  a  certain  series  of  bed 
samples  of  coal  had  been  ground  to  60-mesh  and  laboratory  samples 
taken  of  about  75  grams  which  were  placed  in  4-ounce  bottles  with  rub- 
ber stoppers.  These  samples  were  retained  in  the  laboratory  at  room 
temperature  from  August,  1912,  to  April,  1913,  at  which  time  they 
were  analyzed  for  sulphur  in  the  sulphate  or  SO3  form.  For  com- 
parison, the  original  samples  ground  only  to  10-mesh  were  similarly 
analyzed.    The  results  are  shown  in  Table  1. 


*Parr  and  Kressmann,  Univ.  of  III.  Eng.  Exp.  Sta.  Bui.  46,  1910. 
tS.  W.  Parr,  111.  State  Geo.  Survey.  Co-Op.  Bui.  3,  1915. 
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Table  1 

Growth  op  Sulphate 

Comparison  bbtwkxk  Fine  and  Coarse  Laboratobt  Samples 


Ub.  No. 

County 

H,0 

Total 
Sulphur 

SOa 
60-Meth 
Aug..  '12 

SOs 
60-Me8h 
April,  '13 

SOs 
lO-Meeh 
AprU.  '13 

5365 

Meroer 

6.33 
8.84 
4.49 
4.86 
7.66 
7.93 
8.05 

5.29 
2.27 
4.92 
5.46 
2.73 
5.20 
4.83 

0.95 
0.39 
0.47 
0.63 
0.61 
1.42 
0.62 

1.46 
0.38 
0.49 
1.25 
1.12 
1.79 
1.20 

0.86 

5307 
5370 

2i^:.::::::. 

0.18 
0.25 

5372 

Meroer 

1.12 

5376 
5388 
5381 

Gnindy 

USalfe 

USaUe 

0.86 
0.82 
0.81 

3.  Effect  of  Fineness  of  Division. — From  the  results  in  Table  1 
it  is  evident  that  oxidation  of  sulphur  has  occurred  at  ordinary  tem- 
peratures, i^ive  of  the  seven  samples  have  had  from  30  to  40  per 
cent  of  the  total  sulphur  thus  changed.  The  second  and  third  sam- 
ples in  this  table  show  no  such  oxidation.  In  the  second  the  content 
of  total  sulphur  is  low  and  of  this  the  actual  sulphur  in  the  pyritic 
form  is,  of  course,  still  lower.  Data  on  this  point  were  not  obtained. 
In  the  third  sample  the  water  content  is  lower  than  that  in  the  other 
samples  of  the  table.  Whether  this  affords  a  valid  explanation  is 
uncertain.  At  any  rate  the  point  here  emphasized  is  the  fact  that  in 
the  majority  of  the  samples  oxidation  of  the  pyritic  sulphur  occurred 
in  large  amounts  and  at  room  temperatures.  The  next  point  was  to 
determine  what  conditions  were  chiefly  responsible  in  this  reaction. 
The  last  column  of  the  table  affords  some  information.  Here  it  is  seen 
that  with  one  exception  the  coarse  or  10-mesh  material  had  little  or 
no  indication  of  sulphur  oxidation.  To  test  further  the  effect  of 
fineness  of  division,  two  of  these  original  samples,  about  two  pounds 
each,  were  sized  and  the  sulphate  sulphur  determined  for  each  size. 
The  results  are  given  in  Table  2. 

Table  2 
Sulphate  Sulphur  as  Found  in  Various  Sizes  op  Coal 


Ub.  No. 

lO-Meeh 

20-Me8h 

40-Meeh  and  Over 

5372 
5388 

0.91 
0.63 

0.89 
0.60 

1.43 
1.42 

It  is  shown  by  this  table  that  while  substantially  no  increase  in 
sulphate  occurred  up  to  the  20-mesh  size,  the  increase  was  very 


Digitized  by 


Google 


12 


ILLINOIS  ENOINEERINO  EXPI^MENT  STATION 


marked  in  the  40-niesh  sample,  though  it  should  be  said  that  the 
40-mesh  sample  contained  also  all  of  the  finer  material  passing  through 
that  sieve.  This  record  further  emphasizes  the  fact  that  oxidation  of 
sulphur  increases  in  activity  as  the  size  of  particles  is  decreased  and 
the  superficial  area  in  any  given  mass  correspondingly  increased. 

4.  Effect  of  Moisture, — In  seeking  an  explanation  for  the  lack 
of  uniformity  in  behavior  due  to  sizing  alone,  it  was  thought  that  pos- 
sibly the  amount  of  free  moisture  in  the  sample  as  well  as  the  per- 
centage of  FeSj  might  play  an  important  part.  A  number  of  samples 
were,  therefore,  selected  in  which  the  free  moisture  was  low.  In  these 
cases  the  growth  of  sulphate  in  the  laboratory  sample  was  small  as 
shown  in  Table  3. 

Table  3 

Effect  of  Low  Moisture  on  the  Formation  of  Sulphate 

All  Values  on  the  Dry  Coal  Basis 


Lab 

Moisture 

Total 
Sulphur 

Sulphate 
(8^^  in 

Sample, 
60-Nfesh 
75Daya 
in  Sample 
.    BotUe 

SOsin 

3-Lb. 

Grom 
Sample. 
AUSuee 

up  to 

3ter'*16 

Days  in 

Container 

3.Lb. 

Gross 
Sample. 
AUSises 

up  to 
KInch 

after 
75  Days 

Sising  of  Gross  Sample 
after  75  Days 

No. 

SOsin 

10-Mesh 

Sise 

SOsin 

20-Mesh 

Sise 

SOsin 
4a-Mesh 

Sise 

6399 
6400 

1.74 
2.03 

3.65 
3.19 

.214 
.218 

.200 
.230 

.198 
.228 

.176 
.199 

.164 
.195 

.215 
.257 

As  affording  further  evidence  on  this  general  proposition,  28 
samples  of  coal  were  selected  from  the  various  districts  of  the  state, 
and  sulphate  determinations  made  on  the  laboratory  samples  ground 
to  60-mesh  which  had  been  in  storage  from  the  early  part  of  1912 
until  June,  1913.  Unfortunately,  the  sulphate  factors  for  the  fresh 
coal  are  not  available,  but  the  table  shows  that  in  those  samples  in 
which  both  the  water  and  the  sulphur  contents  were  high,  there 
was  a  greater  increase  in  the  percentage  of  oxidized  sulphur  than  in 
the  case  of  samples  in  which  water  and  sulphur  contents  were  low. 
Note  especially  Nos.  5359-5389,  inclusive,  Table  4. 

Doubtless,  there  are  other  circumstances  connected  with  the  oxi- 
dation of  sulphur  which  are  of  interest,  such  as  the  presence  of 
catalyzers,  the  source  of  oxygen  for  satisfying  the  conditions  of  the 
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Table  4 

Sulphate  in  Laboratort  Samples,  Storage  Time  from  March,  1912,  to 

June,  1913,  Showing  Ck)NDiTiON8  Attending  Presence 

OF  Moisture  and  Sulphur 


Lab. 
No. 

County 

Coal  Bed 

HaO 

Total  Sulphur 
DryCoid 

^(JoS- 

Remarks 

4609 
4702 
4706 
4707 
4716 
4724 
4727 
4734 
4744 
4789 
4811 
4994 
5006 
5011 

Vermilion 

Vermilion 

Vermilion 

Vermilion 
VermiUon'..'..;..... 

Vermilion 

Vermilion 

Vermilion 

Vermilion 

Franklin 

Franklin 

Saline 

Williamson 

6N 
6N 
6N 
6N 

7N 
7N 
7N 
7N 
6N 
6  S 
6  S 

5  S 

6  S 
6  S 

5  S 

6  S 
6  S 
6  S 
6  S 
IN 
IN 
IN 
IN 
IN 
2N 
2N 
2N 
2N 

2.30 
2.08 
2.08 
1.82 
2.31 
1.96 
1.91 
2.24 
4.58 
3.88 
2.41 
2.82 
3.25 
4.14 
5.87 
3.73 
6.25 
6.25 
6.87 
3.21 
4.84 
5.74 
4.96 
6.34 
7.08 
6.98 
7.83 
7.71 

2.44 
2.76 
3.48 
4.82 
4.06 
3.77 
3.33 
2.59 
1.94 
0.62 
1.63 
2.32 
1.11 
1.53 
3.78 
1.42 
1.46 
1.24 
1.12 
6.66 
6.56 
4.66 
5.26 
4.94 
3.04 
2.53 
4.00 
3.67 

0.18 
0.16 
0.32 
0.36 
0.62 
0.60 
0.37 
0.22 
0.29 
0.02 
0.22 
0.64 
0.12 
0.18 
0.80 
0.11 
0.12 
0.10 
0.06 
0.98 
2.14 
1.08 
1.15 
1.69 
0.59 
0.44 
1.34 
0.83 

Sulphate  was 
determined 
June   2.    1913, 
on    pulveriied 
samples  col- 
lected    Febru- 
ary to  June, 
1912. 

5024 
5121 
5122 
5134 
5224 
5339 
5359 
5361 
5362 
5364 
5368 
5369 
5377 
5389 

Saline 

Williamson 

Williamson 

Williamson 

Franklin 

Mercer 

RocklsUnd 

Rock  Island 

RocklsUnd 

Mercer 

Gnmdy 

Grundy 

Grundy 

La  Salle 

reaction,  the  mercasite  or  pyrite  form  of  the  sulphide  crystals,  the 
method  of  distribution,  whether  in  microscopic  or  massive  aggregates, 
the  character  and  influence  of  the  associated  material,  and  the  segre- 
gation of  sulphate  crystals  towards  the  finer  materials.  Indeed,  the 
more  thorough  understanding  of  some  of  these  points  might  contribute 
in  a  very  practical  way  to  our  knowledge  of  the  conditions  which  pro- 
mote the  heating  of  coal.  Definite  information  along  these  lines 
depends  upon  further  study.  However,  for  purposes  of  this  dis- 
cussion it  is  of  importance,  to  note  that  at  least  two  conditions,  if 
existing,  namely,  fineness  of  division,  and  presence  of  moisture,  will 
result  in  oxidation  of  the  sulphur.  Supplementary  to  this  should  be 
recalled  the  fact  already  developed  in  Bulletin  46  that  the  oxidation 
of  0.5  per  cent  of  sulphur,  or  approximately  less  than  %  of  the 
amount  present  in  the  average  Illinois  coal,  would  produce  suflScient 
heat  to  raise  the  temperature  of  the  mass,  not  allowing  for  radiation 
losses,  about  125  degrees  F.  If  the  initial  temperature  were  50 
degrees  F,  an  increase  to  175  degrees  would  approach  the  danger 
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point.  At  about  180  degrees  the  activity  reaches  a  stage  owing  to 
the  greater  rapidity  of  oxidation  at  that  temperature,  at  which  the 
chemical  reaction  quickly  proceeds  to  the  point  where  it  becomes 
autogenous.* 

In  the  discussion  concerning  the  generation  of  heat  from  sulphur 
oxidation  it  is  not  intended  to  minimize  the  effect  of  oxidation  of  the 
organic  matter  as  an  initial  source  of  heat,  independent  of  the  activity 
of  the  sulphur.  In  bituminous  coals  the  two,  doubtless,  proceed  inde- 
pendently, but  where  both  activities  exist  together  there  is  an  acceler- 
ation of  the  reaction  due  to  the  rapid  rise  of  temperature.  In  this 
manner  there  is  a  greater  quantity  of  heat  produced  in  a  given 
period  of  time,  and  hence  the  coal  mass  comes  more  quickly  and  more 
positively  to  the  autogenous  or  danger  stage. 

5.  8v)mmary  on  Oxidation. — Oxidation  of  the  organic  materials 
in  freshly  mined  coal  is  active  in  all  coals  of  the  bituminous  or  lig- 
nitic  type.  The  conditions  which  accelerate  the  action  are  increase 
of  temperature  and  fineness  of  division. 

Oxidation  of  the  sulphur  of  iron  pyrites  is  active  provided  the 
sulphide  of  iron  is  finely  divided  and  there  is  sufficient  moisture 
present  to  satisfy  the  reaction.  The  quantity  of  finely  divided  pyritic 
material  will  of  course  be  greater  in  screenings  than  in  lump,  and 
since  the  ash  content  in  screenings  is  from  one  to  two  times  as  great 
as  in  the  lump,  the  quantity  of  pyritic  sulphur  is  correspondingly 
greater. 

The  conditions  to  be  observed  in  stocking  coal  so  far  as  oxidation 
is  concerned,  are  thus  fairly  well  outlined.  The  enumeration  of  these 
conditions  will  be  taken  up  later. 

DETERIORATION 

Experiments  on  the  weathering  of  coal  are  described  in  Bulletin 
38.  t  Car  lots  were  stored  in  open  and  in  covered  bins  and  smaller 
lots  of  100  to  200  pounds  under  water.  The  samples  for  determina- 
tion of  heat  values  were  taken  on  the  day  of  raining  the  coal,  and 
thereafter  at  seven  days,  two  months,  six  months  and  one  year. 

*Note  the  abrupt  chaDge  In  the  direction  of  the  curves  at  80  degrees  C,  ghowtng 
temperature  rise,  as  In  "Spontaneous  Combustion  of  Coal/*  Univ.  of  111.  ESng.  Exp.  Sta. 
Bui.  46,  p.  28. 

tParr  and  Wheeler,  "The  Weathering  of  Coal,"  Univ.  of  111.  Eng.  Exp.  Sta.  Bui.  88. 
1909. 
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All  of-  the  samples  with  the  exception  of  the  submerged  samples, 
were  continued  in  storage  beyond  the  period  covered  by  the  results 
presented  in  Bulletin  38,  for  a  total  period  of  six  years.  Two  addi- 
tional sets  of  laboratory  samples  were  taken ;  one  after  a  total  period 
of  three  years,  and  another  at  the  end  of  six  years.  After  the  storage 
in  the  original  bins  for  four  years,  both  the  covered  and  open  lots 
were  moved  to  a  new  location.  After  a  period  of  six  years,  final 
laboratory  samples  were  taken  in  connection  with  the  cleaning  up 
of  the  various  lots  and  the  making  of  boiler  tests.  Five  standard 
boiler  tests  were  made  at  the  close  of  the  period. 

For  greater  convenience  all  of  the  analytical  results  for  the  entire 
period  are  presented  in  Tables  5  to  10,  inclusive. 

Table  5 
Vermujon  County  Nut  Coal 


Lab.  No. 


Sample  Taken 
after  Minins 


Dry  Coal 


Ash       Sulphur    B.  t.  u 


B.  t.  u. 
Referred 
to  Actual 

or  Unit 
Coal 


Decrease 


r.i.u.    Per  Cent 


STORED   IN   EXPOSED   BINS 

1031 

Same  day 

10.55 
13.98 
14.21 
13.53 
13.62 
13.22 
13.06 

4.25 
2.65 
2.47 
2.10 
2.82 
1.75 
1.58 

12991 
12412 
12265 
12396 
12282 
12018 
11984 

14814 
14716 
14677 
14675 
14498 
14075 
14000 

98 
237 
239 
316 
739 
814 

1081 

7  days 

0.66 

1240 
1650 

2  months 

6  months 

1.60 
1.61 

2088 
4105 
7298 

1  year 

3  years 

6years 

2.13 
4.98 
5.49 

STORED   IN   COVERED    BINS 

1031 

Same  day 

10.55 
13.98 
13.08 
11.76 
13.52 
14.26 
9.84 

4.25 
2.65 
2.13 
2.14 
2.72 
2.29 
1.57 

12991 
12412 
12475 
12571 
12220 
11691 
1202 

14814 
14716 
14604 
14472 
14403 
13890 
13867 

98 
210 
342 
411 
924 
947 

1081 

7  days 

0.66 

1249 

2  months 

1.42 

1662 

6  months 

2.31 

2094 

1  year 

2.77 

4101 
7372 

3  years 

6  years ^ 

6.23 
6.39 

STORED  X7NDER  WATER 


1031 
1081 
1647 
2100 


Same  day 

Same  day  as  submerged 

6  months 

1  year 


10.55 
13.98 
16.37 
13.85 


4  25 
2.65 
3.34 
3.81 


12891 
12412 
12013 
12231 


14814 
14716 
14524 
14517 


98 
290 
297 


0.66 
1.96 
2.00 


Notb:    For  Unit  Coal  formula,  see  footnote  to  Table  12. 
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Table  6 
Williamson  County  Nut  Coal 


Lab.  No. 


Sample  Taken 
after  Minins 


Dry  Coal 


Ash       Sulphur    B.  t.  u. 


B.  t.  u. 

Referred 

to  Actual 

or  Unit 

Coal 


Decrease 


B.  t.  u.    Per  Cent 


STORED  IN  EXPOSED  BINS 


1090) 

1091) 

1098 

1246 

1657 

2090 

4103 

7374 


Same  day . 

7  days .  . . 

2  months . 
6  months. 
1  year 

3  years... 
6  years... 


13.98 

14.90 
14.32 
13.81 
11.88 
12.52 
12.86 


3.73 

3.02 
4.12 
3.45 
2.73 
2.60 
2.20 


12499 

12341 
12409 
12455 
12759 
12503 
12339 


14859 

14821 
14835 
14765 
14734 
14548 
14406 


34 

95 

125 

311 

453 


0.26 
0.16 
0.64 
0.84 
2.09 
3.04 


STORED  IN  COVERED  BINS 


1090) 

10911 

1098 

1247 

1663 

2096 

4100 

7299 


Same  day. 

7  days 

2  months . 
6  months . 
1  year 

3  years . . . 
6  years . . . 


13.98 

14.90 
14.08 
13.06 
13.24 
13.93 
13.96 


3J73 

3.02 
3.84 
3.60 
3.20 
2.93 
2.16 


12499 

12341 
12378 
12469 
12428 
12085 
12103 


14859 

14821 
14739 
14644 
14616 
14323 
14324 


120 
215 
243 
536 
585 


0.26 
0.81 
1.45 
1.64 
3.60 
3.60 


STORED   UNDER  WATER 


1090) 

10911 

1098 

1648 

3102 


Same  day 

Same  day  as  submerged 

6  months 

1  year 


13.98 

14.90 
15.65 
14.87 


3.73 

3.02 
3.12 
3.42 


12499 

12341 
12097 
12251 


14859 

14821 
14673 
14721 


186 
138 


0.26 
1.25 
0.98 
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Tablb  7 
Sangamon  County  Nut  Coal 


Lab.  No. 


Sample  Taken 
after  Minins 


Dry  Coal 


Ash       Sulphur    B.  t.  u 


B.  t.  u. 

Referred 

to  Actual 

or  Unit 

Coal 


Decrease 


B.  t.  u.     Per  Cent 


STORED   IN   EXPOSED  BINS 


1078 
1084 
1248 
1A58 
2086 
4107 
7277 


Same  day. 
7  days  — 

2  months . 

0  months . 

1  year 

3  years . . . 
6  years . . . 


17.87 
16.63 
17.45 
16.03 
14.97 
15.55 
14.10 


5.76 
5.10 
4.66 
4.91 
4.68 
4.13 
3.76 


11741 
11800 
11626 
11798 
11860 
11621 
11180 


14773 
14571 
14497 
14444 
14307 
14102 
13813 


202 
276 
329 
466 
671 
960 


1.37 
1.87 
2.23 
3.15 
4.54 
6.49 


STORED   IN   COVERED   BINS 

1078 

Same  day 

17.87 
16.63 
16.08 
17.57 
16.30 
15.99 
17.34 
11.83 

5.75 
5.10 
5.03 
5.01 
4.52 
4.65 
4.78 
1.45 

11741 
11800 
11912 
11626 
11682 
11589 
10681 
11971 

14773 
14571 
14600 
14535 
14336 
14165 
13278 
13767 

202 
173 
238 
437 
608 
1495 
1006 

1064 
1250A 

7days 

2  months 

1.37 
1.17 

1250B 

2  months 

1.61 

1664 

6  months 

2.96 

2092 
4098 
7370 

lye«r 

3  years 

6  years 

4.12 
10.11 
6.81 

STORED   UNDER  WATER 


1078 
1084 
1649 
2098 


Same  day 

Same  day  as  submerged 

6  months 

1  year 


17.87 
16.63 
15.90 
15.95 


5.75 
5.10 
4.21 
6.11 


11741 
11800 
11854 
11851 


14773 
14571 
14461 
14503 


202 
322 
270 


1.37 
2.18 
1.83 
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Table  8 
Vermilion  Countt  Screenings 


Lab.  No. 


Sample  Taken 
after  Mining 


Dry  Coal 


Ash       Sulphur    B.  t.  u. 


B.  t.  u. 

Referred 

to  Actual 

or  Unit 

Coal 


B.  t.  u.     Per  Cent 


STORED   IN  exposed   BINS 


1032 
1080 
1082 
1238 
1239 
1653 
2080 
4108 
7369 


Same  day. 

7da3r8 

7  days. . . 
2  months. 

2  months. 
6  months . 
1  year  — 

3  3rear8  — 
6  years 


17.88 
13.98 
13.69 
15.73 
14.69 
15.63 
14.46 
15.95 
13.79 


2.35 
2.87 
2.29 
2.53 
2.90 
2.44 
2.24 
1.98 
3.85 


11937 
12414 
12507 
11958 
12178 
11969 
12006 
11229 
11210 


14888 
14726 
14759 
14497 
14578 
14487 
14304 
13625 
13275 


162 
129 
391 
310 
401 
584 
1263 
1613 


1.09 
0.87 
2.63 
2.08 
2.69 
3.92 
8.48 
10.83 


STORED   IN  CX>VERED   BINS 


1032 
1080 
1082 
1241 
1659 
2095 
4102 


Same  day . 
7  days  — 

7  days  — 
2  months. 
6  months . 
1  year 

8  years . . . 


17.88 
13.98 
13.69 
15.26 
14.51 
15.36 
14.43 


2.35 
2.87 
2.29 
2.51 
2.25 
2.42 
2.26 


11937 
12414 
12507 
12124 
12071 
11797 
11199 


14888 
14726 
14759 
14608 
14391 
14225 
13329 


162 
129 
280 
497 
663 
1559 


1.09 
0.87 
1.88 
3.34 
4.46 
10.47 


STORED   UNDER  WATER 


1032 
1080 
1082 
1644 
2101 


Same  day 

Same  day  as  submerged 
Same  day  as  submerged 

6  months 

1  year 


17.88 

2.35 

11937 

13.98 

2.87 

12414 

13.69 

2.29 

12507 

13.87 

2.32 

12270 

13.55 

2.71 

12283 

14888 
14726 
14769 
14514 
14488 


162 
129 
374 
405 


1.09 
1.87 
2.51 
2.72 
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Tablb  9 
Williamson  Countt  Screenings 


L*b.  No. 


Sample  Taken 
after  Mining 


Dry  Coal 


Aah      Sulphur    B.  t.  u. 


B.  t.  u. 

Referred 

to  Actual 

or  Unit 

Coal 


Decrease 


B.  t.  u.     Per  Cent 


STORED  IN  EXPOSED  BINS 


1089 
1090 
1244 
1654 

aooi 

4106 
7371 


Same  day. 
7  days  — 

2  months. 
6  months. 
1  year  — 

3  years . . . 
6  years . . . 


14.13 
14.37 
15.66 
13.76 
13.77 
13.25 
13.42 


3.17 
3.34 
2.67 
2.84 
2.75 
2.26 
2.23 


12426 
12287 
12133 
12342 
12328 
13336 
12077 


14782 
14666 
14701 
14697 
14579 
14470 
14196 


116 
81 
185 
203 
312 
586 


0.78 
0.55 
1.25 
1.87 
2.11 
3.96 


STORED  IN  COVERED  BINS 


1089 
1099 
1245 
1660 
2097 
4099 
7281 


Same  day. 
7  days — 

2  months. 
6  months. 
1  year 

3  years  — 
6  years  — 


14.13 

3.17 

12426 

14.37 

3.34 

12287 

12.62 

2.98 

12608 

13.60 

3.03 

12372 

13.43 

2.72 

12385 

13.07 

2.66 

12146 

12.64 

2.19 

12153 

14782 
14666 
14705 
14610 
14582 
14230 
14144 


STORED   UNDER  WATER 


1089 
1099 
1645 
2103 


Same  day 

Same  day  as  submerged 

6  months 

1  year 


14.13 
14.37 
14.38 
13.60 


3.17 
3.34 
3.54 
2.97 


12426 
12287 
12262 
12447 


14782 
14666 
14645 
14698 


116 
137 

84 


0.78 
0.93 
0.57 
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Table  10 
Sanqamon  County  Screenings 


Lftb.  No. 


Sample  Taken 
after  Mining 


Dry  Coal 


Ash       Sulphur    B.  t.  u. 


B.  t.  u. 

Referred 

to  Actual 

or  Unit 

Coal 


Decrease 


B.  t.  u.     Per  Cent 


STORED  IN  EXPOSED   BINS 


1079 
1085 
1242 
1655 
2087 
4104 
7373 


Same  day. 
7  days . . . 
2  months . 
6  months. 
1  year  — 
Syears... 
6  years... 


17.13 
17.04 
17.22 
17.02 
17.25 
15.04 
14.05 


4.02 
4.47 
5.00 
4.54 
4.54 
4.03 
3.32 


11752 
11684 
11645 
11526 
11153 
11131 
11326 


14604 
14481 
14488 
14281 
13853 
13565 
13604 


123 
116 
323 
751 
1039 
1000 


0.84 
0.79 
2.21 
5.14 
7.11 
6.85 


STORED  IN  COVERED   BINS 


1079 
1085 
1243 
1661 
2093 
4007 
7279 


Same  day. 
7days 

2  months . 
6  months . 
1  year 

3  years . . . 
6  years . . . 


17.13 
17.04 
18.33 
17.30 
17.06 
18.71 
17.39 


4.92 
4.47 
4.70 
4.67 
4.73 
4.86 
3.81 


11752 
11684 
11414 
11466 
11248 
10325 
10497 


14604 
14481 
14404 
14263 
13944 
13072 
13025 


123 
200 
341 
660 
1532 
1579 


0.84 
1.37 
2.33 
4.52 
10.48 
10.81 


STORED  UNDER  WATER 


1079 
1085 
1646 


Same  day 

Same  day  as  submerged 

6  months 

1  jrear 


17.13 
17.04 
19.86 
18.27 


4.92 
4.47 
5.60 
4.81 


11752 
11684 
11127 
11479 


14604 
14481 
14372 
14478 


123 
232 
126 


0.84 
1.59 
0.86 


6.  Indicated  Heat  Losses. — ^An  inspection  of  the  tables  shows 
that  the  heating  value  decreases  most  rapidly  during  the  first  week 
after  mining  and  continues  to  decrease  more  and  more  slowly  for 
an  indefinite  time.  One  per  cent  is  about  the  average  loss  for  the 
first  week,  and  an  additional  loss  of  two  or  three  per  cent  may  occur 
by  the  end  of  the  first  year.  At  the  end  of  the  six-year  period  the 
indicated  losses  in  some  cases  equal  nearly  eleven  per  cent. 

These  losses  may  be  ascribed  to  three  distinct  causes: 

(a)  The  escape  of  combustible  gases. 

(b)  The  absorption  of  oxygen. 

(c)  The  increase  in  weight  of  the  organic  or  combustible 

portion  of  the  coal. 
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7.  Escape  of  Combustible  Oases. — Prom  certain  experiments 
^ven  in  a  former  bulletin*  there  is  positive  evidence  that  combustible 
gases  exude  from  freshly  mined  coal.  The  extent  of  this  loss,  how- 
ever, is  very  small.  Porter  and  Ovitzt  have  carried  out  a  quantitative 
measurement  of  such  escaping  gases  and  estimate  in  the  case  of  a 
coal  from  Benton,  Pranklin  County,  Illinois,  the  total  loss  of  heat 
values  in  a  period  of  seventeen  months  to  be  0.16  per  cent.  As  this 
was  an  extreme  case  for  this  variety  of  coal  it  is  evident  that  the  heat 
loss  due  to  the  exudation  of  combustible  gases  is  practically  negligible. 

8.  Absorpiion  of  Oxygen, — In  Bulletin  32t  on  the  occluded 
gases  in  coal  it  is  shown  that  freshly  mined  coal  has  a  marked  avidity 
for  oxygen.  It  has  been  shownji  that  the  union  of  oxygen  with  the 
coal  is  a  chemical  combination  and  not  a  simple  absorption.  While 
we  should  expect  such  chemical  action  to  be  accompanied  by  the 
generation  of  heat  and  consequently  by  a  reduction  in  the  heat  value 
of  the  coal,  there  is  little  information  available  as  to  the  extent  of 
such  loss. 

Porter  and  Bal8ton§  show  the  positive  formation  of  heat  from 
oxygen  combination  but  do  not  present  any  data  as  to  the  amount  of 
this  loss.  Lamplaugh  and  Hill**  have  attempted  to  measure  the 
amount  of  heat,  and  their  results  show  an  average  for  English  coals 
of  3.3  calories  for  each  cubic  centimeter  of  oxygen  absorbed.  Winmill 
and  Grahamtt  have  carried  the  same  line  of  experimentation  further 
and  have  modified  slightly  the  factor  for  the  heat  generated,  their 
result  showing  2.1  calories  per  cubic  centimeter  of  oxygen  absorbed. 
The  diflference  is,  for  the  purpose  of  the  present  discussion,  not  material 
since  the  desired  result  is  the  approximate  heat  loss  due  to  the  oxygen 
combinations  at  ordinary  temperatures.  The  maximum  absorption 
under  the  most  favorable  circumstances  ranges  from  7  to  8  cc.  oxygen 
per  gram  of  coal  as  recorded  in  the  experiments  by  Lamplaugh  and 


*Parr  and  Wheeler,  "The  Deterioration  of  Coal  Samples,"  UdIy.  of  111.  Eng.  Exp. 
Sta.  Bui.  17,  p.  SZ. 

tU.  S.  Bureau  of  Mines,  Technical  Paper  No.  2.  1910. 

IParr  and  Barker,  **The  Occluded  Gases  in  Coal,'*  Univ.  of  111.  Eng.  Exp.  Sta. 
Bal.  82. 

fParr  and  Hadley.  '*The  Analysis  of  Coal  with  Phenol  as  a  Solvent,"  Uniy.  of  111. 
Eng.  Exp.  Sta.  Bui.  76. 

|U.  S.  Bureau  of  Mines  Tech.  Paper  65,  p.  8.  1914. 

••Trans.  Inst  Mining  Engrs.,  Vol.  45,  p.  629.  1913. 

ftWlnmill  and  Graham,  **The  Absorption  of  Oxygen  by  Coal,"  Colliery  Guardian, 
Sept  11-18,  1915. 
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Hill  and  also  by  Winmill  and  Graham.  Porter  and  Ralston  found  in 
the  case  of  a  Franklin  county,  Illinois,  coal  exposed  for  five  months 
at  ordinary  temperatures  to  pure  oxygen,  an  absorption  at  the  rate 
of  5.3  cc.  per  gram  of  coal.  This  is  approximately  10  calories  per 
kilo  of  coal  or  about  0.12  per  cent  of  the  heat  value  of  the  coaL  The 
loss  of  heat  thus  represented  is  so  small  that  it  is  negligible  as  a  factor 
effecting  deterioration  in  the  quality  of  the  coal.  It  may,  however, 
possess  significance  in  the  matter  of  spontaneous  heating.  This 
phase  of  the  subject  will  be  hereinafter  discussed. 

9.  Increase  in  Weight, — ^It  is  evident  that,  if  in  the  processes 
which  attend  the  weathering  of  coal  there  is  an  increase  in  weight 
of  the  coal  substance,  the  indicated  heat  losses  are  more  apparent  than 
real.  For  example,  if  at  the  beginning  of  the  storage  period  a  pound 
of  the  unit  coal  substance  shows  a  value  of  14,700  B.t.u.,  and  at  the 
end  of  the  period  the  original  pound  has  increased  in  weight  by 
absorption  or  additions,  say  5  per  cent,  then  the  heat  value  per  pound 
of  the  resulting  material  will  be  14,000  B.t.u.,  thus  indicating  an 
apparent  loss  of  4.76  per  cent.  Evidence  from  many  sources  has 
accumulated  to  show  that  coal  exposed  to  air  or  oxygen  increases  in 
weight.  In  the  experiments  described  by  Parr  and  Hadley*  it  is 
shown  that  under  certain  conditions  in  the  residue  insoluble  in  phenol, 
which  is  regarded  as  the  degradation  product  of  the  cellulose  con- 
stituent, there  is  as  much  as  3  per  cent  increase  in  weight  due  to  the 
taking  up  of  oxygen.  This  work  further  shows  that  such  additional 
oxygen  is  chemically  combined  and  not  merely  absorbed.  Other 
experimenters  have  presented  evidence  to  the  effect  that  coal  increases 
in  weight.  Somermeiert  has  shown  an  increase  due  to  oxidation  for 
an  Illinois  coal  2.47  per  cent.  Porter  and  Ralston  J  show  also  a 
measurable  increase  in  weight  due  to  oxygen  absorption.  In  their 
experiments  on  oxidation  at  various  temperatures  they  note  that  Illi- 
nois and  Pittsburgh  coals  **show  increases  of  weight  up  to  260  degrees 
in  spite  of  the  loss  of  carbon  and  hydrogen  in  COj,  CO  and  H^O." 
Study  of  some  of  the  values  presented  in  Table  11  seems  to  give 


*'Tbe  Analysis  of  Coal  with  PheDol  as  a,  Solyent,"  UdIt.  of  111.  Bng.  Exp.  Sta. 
Bnl.  76. 

tProfessor  Somermeier  was  doubtiess  the  first  to  sagtrest  that  the  Indicated  decrease 
in  heat  values  was  in  reality  the  result  of  an  increase  in  weight.  N.  W.  Lord  and 
B.  B.  Somermeier,  U.  S.  Geol.  Sury.  Bui.  323,  p.  22. 

tV.  8.  Bureau  of  Mines.  Tech.  Paper  65,  p.  20-22,  1914. 
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further  evidence  of  an  increase  in  weight  of  the  organic  or  combustible 
part  of  the  coal.  Some  of  these  data  with  a  discussion  of  their  bearing 
on  this  point  are  presented  under  the  following  topic. 

10.  Decrease  of  Ash  Percentages. — ^A  study  of  the  relative  ash 
values  corresponding  to  the  various  stages  of  indicated  heat  losses 
reveals  a  consistent  lowering  of  the  percentages  of  ash.  This  result 
obviously  is  normal  since  the  actual  increase  in  the  organic  constitu- 
ents of  coal  during  storage  with  the  corresponding  increase  in  the 
weight  of  any  given  sample  must  result  in  a  relatively  lower  amount 
of  ash,  or  an  apparent  decrease  in  ash. 

Of  course,  the  exact  duplication  of  these  theoretical  conditions 
was  impossible  in  these  experiments.  The  oxidation'  of  the  sulphur 
varied  and  the  leaching  out  of  the  soluble  sulphates  would  alter  the 
ash  values  in-  a  corresponding  degree.  Other  variables  might  enter, 
such  as  irregularities  in  sampling  or  the  possible  accumulation  of 
foreign  or  earthy  matter.  Notwithstanding  all  these  possibilities  of 
inaccuracy  there  is  a  striking  consistency  of  results  with  reference 
to  the  decrease  of  indicated  ash  percentages  as  the  process  of  weather- 
ing proceeded.  The  ash  values  of  the  several  masses  taken  at  the 
beginning  and  at  the  close  of  the  six-year  period  are  presented  in 
Table  11. 

Table  11 
Indicated  Ash  at  the  Beqinxino  and  at  the  End  of  Six  Years  in  Storage 

IN  Open  Bins 


Average  Ash  Values 

Average  Ash  Values 

as  Determined  by 

after  6  Years 

Indicated 

Decrease 

in  Ash 

No. 

Coal  and  Cotmty 

Analysis  of  3  Samples 
(1)  at  the  Mine 

as  Shown  by 

Analvsis  of  2  Samples 

(1)  from  Open  Bms 

(2)  at  Unloading  of  Car 

(3)  after  2  Months 

(2)  from  Covered  Bins 

1 

Nut — Sangamon 

17.01 

12.96 

4.05 

2 

Nut — Vermilion 

12.95 

11.45 

1.50 

3 

Nut— Williamson 

14.32 

13.41 

0.91 

4 

17.43 

16.17 

1.26 

5 

Screenings — Vermilion  . . 

16.20 

13.79 

1.41 

6 

Screenings— Williamson . 

14.19 

13.03 

1.16 

Inspection  of  the  ash  values  presented  in  Tables  5  to  10,  inclusive, 
further  emphasizes  the  results  shown  by  Table  11.  The  factors  for 
the  submerged  coal  have  not  been  included  in  Table  11.    Although 
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these  samples  were  under  test  for  only  a  year,  they  show  a  con- 
stancy in  the  ash  values  and  an  absence  of  change,  which  is  in  keep- 
ing with  the  uniformity  of  heat  values  credited  to  the  unit  coal 
substance. 

The  increase  in  weight  of  the  coal  in  storage  by  addition  to  the 
organic  constituents  is  further  illustrated  by  the  values  presented 
in  Table  12.    The  values  presented  in  Column  1  represent  the  heat 


Tablb  12 

Increases  in  Weight  op  Coal  during  Storage,  in  Relation  to  the  Indicated 

Decrease  in  Heat  Value 


B.  t.  u. 

Ash 

per  Lb.  of 

as  in 

Fresh 

Ash 

Ash 

Col.  3 

Show- 

Coal 

B.  t.  u. 

as 

Plus 

but 

ing 

Average 

per  Lb. 

Weighed 

Sulpliur 
inlOry 

Addi-  . 

Cor- 

Amount 

of  3 

after  6 

Dry 

tive 

rected 

of 

Samples 

Years 

Coi 

Coal 

Mate- 

for 

Addi- 

No. 

Coal  and  Ck)unty 

Taken 

Open 

Basis. 

after 

rial  Ac- 

Sulphur 

tive 

(1)  at  Mine 

Storage. 

with 

6  Years 

quired 

as  in 

Mate- 

(2) at  Un- 

Dry 

Heat 

Open 

in  6 

For- 

rial 

loiMling  of 

Coal 

Values 

Storage 

Years 

mula 

by  Dif- 

Car 

Basis 

as  in 

Open 

for 

ference 

(3)  after 

Col.  2 

Storage 

Unit 

2Mofc. 

Coal 

Storage 

1 

2 

3 

4 

5 

6 

7 

1 

Nut— 

Sangamon 

14.614 

11,180 

14.10 

3.76 

23.5 

17.3 

•    6.2 

2 

Nut-  . 

Vermilion 

14.700 

11,984 

13.06 

1.58 

18.5 

14.9 

3.5 

3 

Nut— 

Williamson 

14.838 

12.339 

12.86 

2.20 

16.9 

15.1 

1.8 

4 

Sangamon 

14.624 

11.326 

14.95 

3.32 

21.9 

17.9 

4.0 

5 

ScreemngB — 

Vermilion 

14.717 

11.210 

13.79 

3.85 

23.8 

17.0 

5.2 

6 

Screenings — 

Williamson 

14,716 

12.077 

13.42 

2.23 

17.2 

15.7 

1.5 

For  discussion  of  Unit  Coal  and  Corrected  Ash  see  Univ.  of  III.  Eng.  Exp.  Sta.,  Bui.  37.  p.  33. 
Indicated  (dry)  B.  t.  u. — 5000  sulphur 
1 .  00  —  (1 .  08)  +  22/40  sulphur 
Corrected  (dry)  ash -ash  as  weighed  X 1. 08-1' 22/40  sulphur. 


Unit  B.  t.  u.  - 


value  for  the  unit  eoal  when  fresh,  as  found  by  averaging  the  unit 
coal  values  for  three  samples  taken  at  the  mine,  at  the  time  of 
unloading,  and  after  two  months  in  storage.  The  calorific  values  of 
the  dry  coal  in  open  storage  at  the  end  of  six  years  are  shown  in 
Column  2.  The  accompanying  ash  and  sulphur  values  are  shown  in 
Columns  3  and  4.  Column  5  shows  the  percentages  of  ash  or  inert 
material  which  must  be  present  in  order  that  the  fresh  unit  coal 
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values  of  Column  1  may  after  six  years  drop  to  the  values  shown  in  3. 
These  percentages  are  derived  by  the  formula, 

B.t.u.  per  pound  after  storage 

100 — — 

B.t.u.  per  pound  of  fresh  coal 

The  values  in  Column  6  are  the  corrected  ash  values  for  the  coal 
after  six  years  in  open  storage.* 

The  difference  between  the  apparent  corrected  ash  values  of 
Column  6  and  the  required  ash  for  producing  the  values  shown  in 
Column  2  is  a  measure  of  the  additive  material  which  is  assumed 
to  have  been  taken  up  by  the  organic  constituents  as  absorbed  oxygen 
or  hydroxyl  additions.  These  additions  bear  a  certain  general  rela- 
tion to  the  indicated  decrease  of  ash  shown  in  Table  11  and,  of 
course,  thus  bear  a  more  direct  relation  to  the  indicated  deterioration 
percentages  (see  Tables  5  to  10). 

These  facts  taken  together,  therefore,  seem  to  afford  added  basis 
for  the  statement  that  the  actual  losses  of  heat  values  in  stored  coal 
are  apparent  rather  than  real,  and  that  the  true  heat  losses  are  those 
due  to  escaping  combustible  gases  and  to  the  heat  generated  by  direct 
combination  of  oxygen  both  of  which  have  been  shown  to  be  prac- 
tically negligible. 


IV.    Moisture  VaLtUES  for  Weathered  Coal 

The  moisture  values  for  the  stored  coal  at  the  end  of  the  six- 
year  period  are  presented  in  Table  13.  Some  recent  work  on  the 
Properties  of  the  Water  in  Coalt  by  Porter  and  Ralston  suggests  a 
relation  between  the  type  of  coal  and  the  amount  of  ** inherent"  or 
hygroscopic  moisture  retained  by  the  coal  upon  air-drying.  It  might 
be  argued,  therefore,  that  if  the  coals  here  considered  during  storage 
altered  in  type,  possibly  by  a  reversion  toward  the  lignitic  form,  then 
a  correspondingly  high  percentage  of  the  moisture  should  be  retained 
on  air  drying.  The  values  shown  in  the  table  are  without  significance 
as  far  as  this  theory  is  concerned.     However,  the  data  should  be 


22 

•Corrected  Ash  (dry)  «-  ash  X  1.08  H X  sulphur  (see  formula  for  Unit  Coal, 

footnote  to  Table  12).  40 

tH.  C.  Porter  and  O.  C.  Ralston,  U.  S.  Bureau  of  Mines,  Technical  Paper  113,  1916. 
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presented  for  other  reasons.  For  example,  the  high  percentage  of 
total  moisture  is  in  a  general  way  characteristic  of  the  several  kinds 
of  coal  in  that  it  is  affected  by  the  degree  of  subdivision  or  disintegra- 
tion which  has  taken  place.  As  may  be  seen  by  reference  to  the  dis- 
cussion concerning  the  slacking  of  these  coals,  the  coals  which  have 
undergone  the  greatest  disintegration  have  the  highest  percentage  of 
total  moisture  present.  This  result,  however,  is  to  be  expected  and 
is  due  to  physical  rather  than  to  chemical  action. 

V.    Summary  op  Chemical  Studies 

The  results  presented  in  the  foregoing  tables  and  the   data 
analyzed  in  the  discussions  may  be  summarized  as  follows: 

(1)  After  a  period  of  one  year,  the  indicated  loss  of  heat 
values  is  relatively  low,  averaging  about  3  or  3^^  per  cent. 

(2)  Different  coals  vary  in  indicated  heat  losses,  those 
from  the  southern  Illinois  districts  showing  less  change  than 
those  from  the  central  part  of  the  state.  Exposure  beyond  a 
period  of  one  year  accentuates  this  difference  between  coals 
from  different  localities.  The  denser  coals,  such  as  those  from 
Williamson  county,  undergo  but  little  additional  change,  while 
the  coals  from  the  northern  parts  of  the  state  show  a  decrease 
in  the  indicated  heat  values.  The  difference,  however,  does  not 
exceed  about  10  per  cent. 

(3)  Deterioration  is  consistently  greater  in  the  case  of 
screenings  than  in  that  of  screened  nut. 

(4)  Since  the  heat  values  are  referred  to  the  unit  coal 
basis,  that  is,  the  moisture,  corrected  ash,  and  sulphur  free 
material,  and  since  an  actual  loss  of  heat  values  by  ordinary 
processes  of  oxidation  would  result  in  the  formation  of  COj 
and  HjO,  both  volatile  under  the  conditions,  it  follows  that  the 
heat  losses  are  largely  relative,  since  they  must  result  from  a 
relative  increase  in  weight  of  the  organic  substance  of  the  coal. 
For  example,  any  increase  in  weight,  as  by  the  addition  of 
oxygen  to  the  chemical  structure  of  the  organic  material,  would 
result  in  a  lower  indicated  heat  value  per  pound  of  the  unit 
substance  as  compared  with  the  heat  value  per  pound  before 
such  addition  had  occurred.  Similarly,  changes  in  the  sulphur 
combination  due  to  oxidation  would  increase  the  weight  of  the 
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coal  in  a  manner  not  taken  into  consideration  in  deriving  the 
''corrected''  ash  values.  Thus,  where  FeSj  becomes  2FeS04 
+  THgO,  the  relative  weights  for  sulphur  are  in  the  ratio  of 
1 :7 ;  that  is,  the  content  of  sulphur  compounds  as  the  result  of 
the  new  combinations  has  increased  in  weight  seven  times. 

(5)  Storage  in  open  bins  shows  quite  consistently  a  lower 
percentage  of  loss  of  heat  value  per  pound  than  is  the  case  with 
storage  under  cover.  This  is  easily  understood  when  it  is  con- 
sidered that  the  additional  material  formed,  due  to  the  oxidation 
of  the  sulphur,  is  soluble  and  tends  to  leach  out  under  the  long 
continued  application  of  water  resulting  from  exposure  to  the 
elements.  For  this  reason,  therefore,  the  increase  in  weight  is 
greater  in  the  case  of  the  coal  under  cover  than  in  that  of  the 
coal  exposed  in  open  bins.  The  resulting  unit  coal  values  should, 
therefore,  be  higher  for  the  coal  stored  in  open  bins,  or  the 
leached  coal,  than  for  the  coal  stored  under  cover  or  the  un- 
leached  coal.  Comparisons  as  to  the  relative  values  in  covered 
and  uncovered  bins  should,  however,  be  made  only  up  to  and 
including  the  three-year  period.  The  removal  to  new  locations 
of  the  bins  and  piles  shortly  before  the  three-year  old  samples 
were  taken  resulted  in  the  reconstruction  of  the  covered  bins 
with  flat  and  leaky  roofs  through  which  the  water  had  more 
or  less  free  access  to  the  coal. 

(6)  The  extent  of  oxidation  or  increase  in  weight  is  a 
function  of  the  character  of  the  coal.  The  coal  in  which  the 
cellulose  residuum  seems  to  predominate  has  the  greater  avidity 
for  oxygen,  and  the  coal  in  which  the  resinic  residuum  predomi- 
nates is  less  affected.  The  tabulation  of  the  samples,  therefore, 
is  in  the  order  of  such  activity,  namely,  Sangamon,  Vermilion, 
and  Williamson  counties.  This  feature  is  consistent  with  the 
studies  in  the  absorptive  capacities  for  oxygen  of  various  coals 
as  carried  on  by  Porter  and  Ralston  and  is  especially  of  interest 
in  connection  with  the  studies  of  Dr.  Hadley  on  the  relative 
avidity  for  oxygen  of  the  cellulose  residuum  as  compared  with 
the  absorptive  capacity  of  the  resinic  bodies,  separation  into 
these  two  type  components  being  affected  by  means  of  phenol.* 


*"Tbe  AnalTsU  of  Coal  with  Phenol  as  a  Solyent,"  Univ.  of  111.  Eng.  Bzp.  Sta. 
Bal.  76.  p.  21.  1914. 


Digitized  by 


Google 


30 


ILLINOIS  ENGINEERINO  EXPERIMENT  STATION 


According  to  the  results  derived  by  Dr.  Hadley,  the  cellulose 
residue  had  a  far  greater  avidity  for  combination  with  oxygen 
than  the  resinic  material. 

Table  13 

Pbbcentagb  of  Moisture  in  Wbathsred  Coal,  Loss  Due  to  Air-Drting,  and 

THE  Amount  Retained  by  the  Air-Dried  Samples 


Table 
No. 

Lab. 
No. 

Coal,  County 
and  Condition 

Total 
Moisture 

Due  to 
Air-Drying 

Moisture  J 
Retained,   , 
in  the  M 

Air-Dried  h* 
Sampleii^" 

1 

7369 

Soreenings 
Vermilion 
Ezpoeed   Bin 

17.70 

14.15 

4.14 

2 

7370 

Nut 

Sangamon 
Covered  Bin 

19.95 

16.54 

4.09 

3 

7371 

Screenings 
WiiliamBon 
Ezpoeed  Bin 

12.01 

8.59 

3.74 

4 

7372 

Nut 

VermiUon 
Covered  Bin 

17.79 

14.50 

3.85 

5 

7373 

Screenings 
Sangamon 
Ezpoeed  Bin 

19.26 

16.79 

4.12 

6 

7374 

Nut 

Williamson 
J^xpoaed  Bin 

9.77 

7.05 

2.93 

7 

7277 

Nut 

Sangamon 
Ezpoeed  Bin 

20.35 

17.01 

4.03 

8 

7279 

Screenings 
Sangamon 
Covered  Bin 

22.04 

19.36 

3.33 

9 

7298 

Nut 

Vermilion 
Covered  Bin 

20.02 

16.01 

4.77 

10 

7299 

Nut 

Williamson 
Covered  Bin 

12.54 

9.45 

3.30 

VI.    Changes  in  Physical  Properties 

11.  Sizing  Test. — The  extent  of  the  disintegration  or  ** slacking" 
which  takes  place  in  connection  with  the  storing  of  coal  is  a  matter 
of  considerably  importance  because  of  the  effect  upon  combustion  on 
the  grates  where  a  large  amount  of  finely  divided  material  is  present 
In  order  to  determine  the  effect  of  storage  upon  slacking  the  sizing 
tests  were  continued  to  cover  the  entire  period  of  six  years.     The 
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tests  were  made  with  a  revolving  screen  with  round  perforations,  as 
shown  in  Fig.  3. 

Three  sizing  tests  were  made:  one  at  the  time  the  coal  was 
placed  in  storage,  one  after  a  period  of  eighteen  months,  and  one  at 
the  end  of  six  years.  It  should  be  recalled  that  approximately  three 
years  before  the  last  screening  tests  the  storage  piles  were  removed 
by  wagon  to  a  new  location  involving  a  double  handling.    Since  the 


Table  14 
Rbsxtlts  op  Sizing  Tests  on  Nut  Coal  Stored  in  Open  Bins 


Round-Hole 
Screon 

Oriidnal 
SiiSr 

In  Storage 
for  IH  Yean 

In  Storage 
for  6  Years 

Through 
Inches 

Over 
Inches 

Per  Cent 

Cumulative 
Per  Cent 

Percent 

Cumulative 
Percent 

Percent 

Cumulative 
Per  Cent 

Sangamon  County 


3 

1 

80.4 

64.3 

30.9 

1 

4.1 

93.5 

6.9 

71.2 

9.6 

40.5 

\< 

yt 

3.5 

97.0 

8.4 

79.6 

16.9 

56.4 

^ 

a^ 

1.2 

98.2 

3.2  , 

82.8 

8.5 

64.9 

1 

yi 

0.6 

98.8 

4.0* 

86.8 

3.2 

68.1 

1 

7\ 

0.6 

99.4 

7.4 

94.2 

17.0 

86.1 

H 

0 

0.6 

100.0 

6.8 

100.0 

14.9 

100.0 

Total 

100.0 

1.854  inches 

100.0 

1.442  inches 

100.0 

Average  Diameter  . . . 

.889  inches 

VEBnaLioN  County 


3 

1 

66.2 

42.5 

25.0 

1 

^ 

5.0 

71.2 

8.0 

.50.5 

6.3 

31.3 

7.2 

78.4 

11.8 

62.3 

12.6 

43.8 

4.0 

82.4 

6.9 

69.2 

8.7 

52.5 

^ 

^■2 

4.0 

86.4 

6.8 

76.0 

12.5 

65.0 

:2 

5.0 

91.4 

10.9 

86.9 

16.3 

81.3 

^ 

0 

8.6 

100.0 

13.1 

100.0 

18.7 

100.0 

Total 

100.0 

1.458  inches 

100.0 

1.074  inches 

100.0 

Average  Diameter — 

.753  inches 

Williamson  County 


3 

1 

94.0 

70.2 

60.6 

1 

^ 

1.6 

95.6 

6.7 

75.9 

9.1 

69.7 

1.8 

97.4 

6.6 

82.6 

8.3 

78.0 

y^ 

i 

0.7 

98.1 

3.1 

86.6 

2.7 

80.7 

'  ^ 

:i 

0.6 

98.6 

3.2 

88.8 

3.7 

84.4 

i 

,1i 

0.5 

99.1 

4.6 

93.4 

5.5 

89.9 

^ 

0 

0.9 

100.0 

6.6 

100.0 

10.1 

100.0 

Total 

100.0 

1.910  inches 

100.0 

1.532  inches 

lOO.O 

1.383  inches 
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extent  of  disintegration  was  not  materially  different  for  the  coals 
stored  in  the  exposed  bins  and  for  those  stored  in  the  covered  bins, 
and  since  during  the  last  years  of  storage  the  covered  bins  were  almost 
as  much  exjKwed  to  rain  and  weather  conditions  as  the  uncovered 
bins,  the  results  of  sizing  tests  on  coals  stored  in  covered  bins  are 
omitted.  Those  for  the  coals  stored  in  open  bins  are  presented  in 
Tables  14  and  15. 


Table  15 
Results  op  Sizing  Tests  on  Screenings  in  Open  Bins 


Round-Hole 
Screen 

Original 
Siiea 

In  Storage 
for  IH  Years 

In  Storage 
for  6  Years 

Through 
Inches 

Over 
I  Inch 

Percent 

Cumulatiye 
Per  Cent 

Per  Cent 

Cumulative 
Per  Cent 

Per  Cent 

Cumulative 
Per  Cent 

Sangamon  County 


IH 

1.0 

38.8 

16.1 

10.0 

1.0 

^ 

7.9 

46.7 

9.3 

24.4 

8.2 

18.2 

13.2 

59.9 

15.6 

40.0 

14.5 

38.7 

^ 

6.0 

66.6 

7.7 

47.7 

10.9 

43.6 

^ 

7.2 

73.7 

9.4 

57.1 

15.4 

69.0 

yc 

11.2 

84.9 

17.2 

74.3 

24.5 

83.5 

^ 

0 

16.1 

100.0 

25.7 

100.0 

16.6 

100.0 

Total 

100.0 

100.0 

100.0 

Average  D 

lameter  .. 

.768  inches 

.498  inches 

.462  inches 

Vermilion  County 


IH 

1 

19.0 

11.3 

8.8 

1.0 

^ 

8.9 

27.9 

6.3 

17.6 

6.3 

16.1 

% 

14.8 

42.7 

12.9 

30.5 

12.1 

27.2 

H 

fl 

8.6 

61.2 

9.3 

39.8 

0.3 

36.5 

11.1 

62.3 

11.8 

51.6 

13.9 

50.4 

^ 

H 

16.4 

78.7 

21.0 

72.6 

29.0 

79.4 

H 

0 

21.3 

100.0 

27.4 

100.0 

20.6 

100.0 

Total 

100.0 

100.0 

100.0 

Average  D 

lameter  . . 

.648  inches 

.425  inches 

.403  inches 

Williamson  County 


IH 

1 

18.9 

19.0 

6.0 

1.0 

H 

9.0 

27.9 

9.2 

28.2 

5.5 

18.2 

H 

14.4 

42.3 

15.4 

43.6 

11.6 

32.7 

'^ 

^ 

8.6 

50.8 

9.6 

53.1 

9.3 

43.6 

H 

t£ 

10.4 

61.2 

10.6 

63.7 

14.4 

59.0 

H 

H 

16.4 

76.6 

17.0 

80.7 

32.2 

83.5 

H 

0 

23.4 

100.0 

19.3 

100.0 

21.1 

100.0 

Total 

100.0 

100.0 

100.0 

Average  D 

lameter  .. 

.642  inches 

.657  inches 

.255  inches 
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Fio.  3.    Bevolvino  Screens  used  in  Sizing  Tests 
(Reproduced  from  Univ.  of  111.  Eng.  Exp.  Sta.  Bui.  78,  1909) 
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A  condensed  summary  of  the  detailed  results  presented  in  Tables 
14  and  15  is  given  in  Table  16.  The  total  dust  passing  through  a 
^-inch  screen  is  taken  as  the  factor  indicating  the  increase  of  fine 
material,  and  percentages  of  increase  for  the  two  periods  are  based 


Table  16 

Increase  in  Fine  Material  after  One  and  One-Half  and  Six  Years 

(Basis  op  Reference,  the  Total  Coarse  Material  in  the 

Obioinal  Coal  Passing  over  K-inch  Screen) 


Coal  and  County 

How 
Stored 

Initial 
Storage 

After  W  Tears 

After  6  Years 

Tftble 

No. 

Dust 
Passing 
H-Inch 
Screen 

Dust 
Passinc 

Screen 

Percentage 
Increase 
of  Fine 
Material 
Referred  to 
Origin.<il 

Coal  over 
H-Inch 

Dust 
Passing 
K-Inch 
Screen 

Increase 
of  Fine 
Material 

Referred  to 
Original 

Coal  over 
H-Inch 

1 
2 
3 
4 
5 
6 

Nutr- 

SangAinoQ 

Nut— 

Vermflion 

Nut— 

WUlUmaon... 
Soreeninci — 

San^mon 

Screemnn — 

Vermilion 

Screenings — 

Williamson.... 

Open 
Open 

Covered 
Open 
Covered 

1.2 
13.6 

1.4 
26.3 
37.7 
38.8 

13.2 
24.0 
11.0 
38.6 
48.4 
45.4 

12.1 
12.0 
11. 1 
16.5 
17.1 
10.7 

31.9 
35.0 
13.0 
45.1 
49.6 
50.6 

31.0 
24.7 
12.6 
26.6 
19.1 
19.2 

on  the  total  amount  of  material  in  the  original  coal  ovor  14-inch  in 
size.  Moreover,  the  samples  taken  from  this  table  vary  with  reference 
to  the  method  of  storage,  three  being  from  exposed  and  three  from 
covered  bins.  These  particular  samples  are  used  in  the  table  for  the 
reason  that  the  same  storage  lots  were  selected  for  making  the  stand- 
ard boiler  tests  which  are  hereinafter  discussed. 

An  examination  of  Table  16  shows  that  the  rate  of  disintegra- 
tion is  consistent  with  the  variety  of  coal  as  already  discussed  in 
connection  with  the  absorptive  capacity  for  oxygen,  and  suggests  that 
the  process  of  oxidation  of  the  organic  material  may  be  quite  as 
largely  responsible  for  this  breaking  down  of  the  particles  as  the 
oxidation  of  the  finely  divided  pyrite  sulphur.  The  latter  may  or 
may  not  be  distributed  throughout  the  texture  of  the  coal ;  this  char- 
acteristic, for  Illinois  coal  at  least,  has  not  been  determined. 
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VII.    Boiler  Tests  on  Weathered  Coal 

Upon  the  completion  of  the  storage  experiments  at  the  end  of 
the  six-year  period,  it  was  decided  to  conduct  if  possible  a  series  of 
boiler  tests  under  standard  conditions  and  to  compare  the  results  of 
tests  with  stored  coal  with  those  of  similar  tests  in  which  fresh  coal 
is  used.  Such  an  opportunity  presented  itself  in  connection  with  a 
series  of  boiler  tests  being  conducted  at  that  time  by  Mr.  A.  P.  Kratz, 
who  was  making  a  general  study  of  boiler  losses.* 

The  coal  which  Mr.  Eratz  was  using  as  standard  material  con- 
sisted of  screenings  from  the  Mission  Field,  Vermilion  county,  Illi- 
nois. Nineteen  tests  were  conducted  with  this  coal.  Five  additional 
tests  were  made  on  samples  of  the  weathered  coal,  one  sample  each 
of  nut  coal  being  selected  from  the  lots  from  Sangamon,  Vermilion 
and  Williamson  counties,  and  one  sample  each  of  screenings  from 
the  Sangamon  and  the  Williamson  county  lots.  With  reference  to 
the  ash  content  and  the  percentage  of  finely  divided  material,  the 
properties  of  the  stored  coals  did  not  differ  greatly  from  those  of  the 
fresh  coals.  An  excellent  basis  was,  therefore,  provided  for  comparing 
the  eflSciency  of  the  stored  and  fresh  coals.  As  might  be  expected, 
some  experience  had  to  be  acquired  as  to  the  best  method  of  handling 
and  firing  the  weathered  coals,  and  although  the  first  test  was  unsatis- 
factory, subsequent  experiments  yielded  results  which  proved  trust- 
worthy and  useful  as  a  basis  of  comparison. 

**0n  the  first  test  the  coal  banked  slightly  at  the  water-back,  and 
the  whole  amount  on  the  grate  became  clinkered.  It  immediately 
became  evident  that  in  order  to  run  at  all,  the  coal  had  to  be  kept 
away  from  the  water-back.  After  the  clinker  had  been  removed 
a  fresh  start  was  made,  and  care  was  taken  to  keep  the  fuel  bed  from 
four  to  six  inches  away  from  the  water-back.  When  this  was  done 
no  further  trouble  was  experienced,  "t 

With  reference  to  the  relative  drafts  required  for  a  g^ven  rate 
of  combustion  with  the  fresh  and  the  weathered  coal,  the  tests  showed 
that  a  stronger  draft  is  required  for  the  weathered  coal.  Moreover, 
by  comparing  draft  requirements  for  those  lots  which  were  in  close 
agreement  as  to  their  dust  content,  it  seems  evident  that  the  higher 
draft  requirement  is  not  necessarily  due  to  a  higher  dust  factor.    The 


•A.  p.  Krats,  ^'Stndy  of  Boiler  Losses."  Univ.  of  111.  Bng.  Ezp.  Sta.  Bol.  78,  t016. 
tUnlY.  of  111.  Bog.  Exp.  Sta.  Bui.  78,  p.  50,  1915. 
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explanation  for  this  is  simple  if  we  recall  the  discussion  already  pre- 
sented concerning  the  avidity  for  oxygen  of  freshly  mined  coal. 
This  avidity  for  oxygen  seems  to  be  directly  related  to  the  free  burn- 
ing character  of  the  coal.  Pillar  coal  and  coal  that  has  been  long  in 
storage  does  not  bum  so  freely  as  fresh  coal.  On  account  of  this 
characteristic  such  coal  is  thought  to  have  lost  a  large  part  of  its 
heat,  when  as  a  matter  of  fact  it  may  have  the  same  number  of  heat 
units  but  a  very  diflferent  rite  of  combustion.  Another  factor,  and 
probably  a  minor  one,  is  the  loss  of  combustible  gases.  Mention  has 
been  made  of  the  fact  that  part  of  the  deterioration  which  occurs  in 
the  first  few  days  or  weeks  after  mining  is  due  to  the  escape  of 
certain  light  volatile  or  gaseous  fuel  constituents.  It  is  evident, 
therefore,  that  either  on  account  of  the  avidity  of  the  fresh  unsatu- 
rated coal  for  oxygen  or  the  presence  of  light  fuel  constituent,  or 
because  of  both  conditions  combined,  the  fresh  unweathered  coal 
bums  freely  and  gives  up  its  heat  units  readily,  whereas  the 
opposite  is  true  with  weathered  coal.  This  difference,  therefore,  must 
be  offset  by  a  stronger  draft  or  by  some  combination  of  conditions 
which  will  effect  a  speeding  up  of  the  burning  or  oxidation  process. 
If  by  this  means  the  rate  of  combustion  can  be  made  to  approach 
that  of  the  fresh  coal,  a  corresponding  degree  of  efficiency  should 
result.  The  correctness  of  this  theory  is  borne  out  by  the  results 
shown  in  Table  17.     It  is  to  be  noted  that  the  over-all  eflReiency  of 

Table  17 

Resxtlts  of  Boiler  Tests  with  Mission  Field  Fresh  Coal  and  With 

Weathered  Coal  after  Six  Years  in  Storage 


Miflsion  Field 

Weathered  Coal 

Test 
No. 

Boiler  H.  P. 
Developed 

Efficiency 
of  Boiler, 
Furnace, 
and  Grate 
Per  Cent 

Test 
No. 

No. 

Coal  and  County 
(Tables  5  to  10) 

BoUer  H.  P. 
Developed 

Efficiency 
of  Boiler, 
Furnace, 
and  Grate 
Per  Cent 

10 

11 

12 

13 

14 

15 
16 

654.0 

569.6 

572.7 

589.0 

555.9 

506.6 
644.0 

63.96 

61.21 

60.67 

69.87 

64.75 

65.50 
60.84 

20 
21 
22 
23 
24 

1 
4 
3 
6 
2 

Nut— 
Sanipimon 

Screenings — 

Sangamon 

Nut- 
Williamson  

Screenings — 

Williamson 

Nut^- 
Vermilion 

568.5 
657.2 
727.1 
609.6 
656.0 

64.50 
63.05 
65.98 
60.04 
64.20 

Digitized  by 


Google 


38  ILLINOIS  ENGINEERINO  EXPERIMENT  STATION 

the  weathered  coal  averages  quite  as  high  as  that  of  the  fresh  screen- 
ings. 

The  general  summary  covering  the  behavior  of  the  coal  in  steam 
generation  after  six  years  of  storage,  as  set  forth  in  Bulletin  78  of 
the  University  of  Illinois  Engineering  Experiment  Station,  is  as 
follows : 

**1.  Burning  weathered  coal  is  largely  a  question  of  cor- 
rect handling  and  ignition.  Under  these  circumstances  it  gives 
as  good  results  as  fresh  screenings. 

**2.  Weathered  coal  requires  a  little  thinner  fire  and  more 
draft  than  fresh  screenings. 

**3.  When  using  weathered  coal  the  fuel  bed  should  not 
approach  any  nearer  to  the  water-back  than  from  4  to  6  in., 
otherwise  trouble  with  clinker  is  experienced. 

**4.  Practically  as  high  capacity  was  obtained  with  weath- 
ered coal  as  with  the  other  coals  used,  and,  if  anything,  the  fuel 
bed  requires  less  attention." 

In  this  reference,  attention  is  called  further  to  the  fact  that 
the  results  obtained  and  the  conclusions  presented  are  based  on  the 
heat  values  in  the  coal  as  fired  and  do  not  take  into  account  the  matter 
of  deterioration.  But  it  has  already  been  shpwn  in  the  previous  dis- 
cussion that  the  deterioration  is  largely  apparent  in  a  physical  change 
and  that  the  actual  loss  of  heat  value  is  small.  Hence,  the  efficiency 
factors  developed  in  the  tests  may  be  accepted  as  fairly  representing 
results  obtainable  on  weathered  coal  in  which  the  heat  loss  resulting 
from  weathering  is  practically  negligible. 

VIII.    Conclusions 

The  facts  presented  in  the  preceding  sections  of  this  bulletin 
justify  the  following  conclusions: 

(1)  Bituminous  coal  can  be  stocked  without  appreciable 
loss  of  heat  values  provided  the  temperature  is  not  allowed  to 
rise  above  180  degrees  F.  In  fact,  there  is  no  appreciable  evo- 
lution of  COg  at  temperatures  below  260  degrees  F. 

(2)  The  indicated  heat  loss  per  pound  of  coal  is  due  more 
largely  to  an  increase  in  weight  of  a  unit  mass  of  coal  resulting 
from  the  absorption  of  oxygen  than  to  an  actual  deterioration 
or  loss  of  heat  units. 
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(3)  Freshly  mined  coal  has  a  large  capacity  for  absorbing 
oxygen  which  combines  chemically  with  both  the  organic  com- 
bustible and  the  iron  pyrites  present. 

(4)  The  combination  of  oxygen  with  coal  at  ordinary  tem- 
peratures generates  a  small  increment  of  heat. 

(5)  The  rapidity  with  which  oxygen  is  absorbed  depends 
upon  the  temperature  of  the  mass  and  the  extent  of  the  super- 
ficial area  exposed,  that  is,  the  fineness  of  division  of  the  coal. 

(6)  If  heat  is  generated  by  this  slow  process  of  oxidation 
more  rapidly  than  it  is  lost  by  radiation,  the  acceleration  of  the 
reaction  causes  a  rise  in  temperature  which  quickly  brings  the 
mass  up  to  the  danger  point.  A  temperature  of  180  degrees  F. 
is  named  as  the  danger  point  because,  if  the  coal  reaches  that 
temperature,  practically  all  of  the  free  moisture  is  vaporized 
and  the  further  rise  in  temperature  will  be  very  rapid. 

(7)  Any  method  of  storage  to  be  successful  must  either 
check  or  prevent  the  absorption  of  oxygen  to  such  an  extent  that 
the  generation  of  heat  shall  not  proceed  so  rapidly  as  to  exceed 
natural  heat  losses  due  to  radiation. 

*  (8)  Underwater  storage  prevents  loss  of  heat  values,  and 
is  not  accompanied  by  deterioration  in  physical  properties,  such 
as  slacking. 

(9)  Dry  storage  is  far  more  safely  undertaken  if  the  fine 
material  is  screened  out  at  the  storage  yard  and  the  lump  only, 
preferably  sized,  is  stocked. 
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Arthur  N.  Talbot.     1907.    None  available. 
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Tubes,  by  Edward  C.  Schmidt  and  John  M.  Snodgrass.     1907.     None  available. 

bulletin  No.  t».  Tests  of  Reinforced  Concrete  T-Beams,  Series  of  1906,  by  Arthur  N.  Talbot. 
19077    None  availahU. 

Bulletin  No.  IS.  An  Extension  of  the  Dewev  Decimal  System  of  Classification  Applied  to  Archi- 
tecture and  Building,  by  N.  Clifford  Ricker.     1907.     None  available. 

Bulletin  No.  H.  Tests  of  Reinforoed  Concrete  Beams,  Series  of  1906,  by  Arthur  N.  Talbot. 

1907.  None  available. 

Bulletin  No.  16.  How  to  Bum  Illinois  Coal  Without  Smoke,  by  L.  P.  Breckenridge.  1908. 
None  avaiUMe. 

Bulletin  No.  16.  A  Study  of  Roof  Trusses,  by  N.  Clifford  Ricker.     1908.     None  available. 

BuUeiin  No.  17.  The  Weathering  of  Coal,  by  S.  W.  Parr,  N.  D.  Hamilton,  and  W.  F.  Wheeler. 

1908.  None  availabU. 

Bulletin  No.  18.  The  Strength  of  Chain  Links,  by  Q.  A.  Qoodenough  and  L.  E.  Moore.  1908. 
Forty  cents. 

Bulletin  No.  19.  Comparative  Tests  of  Carbon,  Metallised  Carbon  and  Tantalum  Filament 
Lamps,  by  T.  H.  Amrine.     1908.     Now  available. 

Bulletin  No.  tO.  Tests  of  Concrete  and  Reinforced  Concrete  Columns,  Series  of  1907,  by  Arthur 
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Fifteen  cents. 

^Bulletin  No.  »4.  The  Modification  of  Illinois  Coal  by  Low  Temperature  Distillation,  by  S.  W.  Parr 
and  C.  K.  Francis.     1906.     Thirty  cenU. 
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Twenty  cents. 
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Bulletin  No.  29.  Testa  of  Reinforced  Concrete  Beams:    Resistance  to  Web  Stresses.  Series  of 
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*BuUeHn  No.  S8.  The  Weathering  of  Coal,  by  S.  W.  Parr  and  W.  F.  Wheeler.     1909.     Twenty- 
five  cents. 

*Bulletin  No.  SO.  Tests  of  Washed  Grades  of  Illinois  Coal,  by  C.  8.  McGovney.     1909.    Seventy- 
five  cents. 

Bulletin  No.  40.  A  Study  in  Heat  Transmission,  by  J.  K.  Clement  and  C.  M.  Garland.     1910. 
Ten  cents. 

Bulletin  No.  4t.  Tests  of  Timber  Beams,  by  Arthur  N.  Talbot.     1910.     Twenty  cents. 

^Bulletin  No.  4^.  The  Effect  of  Keyways  on  the  Strength  of  Shafts,  by  Herbert  F.  Moore.     1910. 
Ten  cents. 

Bulletin  No.  4S.  Freight  Train  Resistance,  by  Edward  C.  Schmidt.     1910.    Seventy-five  cents. 

Bulletin  No.  44.  An  Investigation  of  Built-up  Columns  Under  Load,  by  Arthur  N.  Talbot  and 
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•BuUetin  No.  46.  The  Strength  of  Ozyaoetylene  Welds  in  Steel,  by  Herbert  L.  Whitemore.     1911. 
Thirty-five  cents. 

^Bulletin  No.  46.  The  Spontaneous  Combustion  of  Coal,  by  S.  W.  Parr  and  F.  W.  Kressman. 
1911.     Forty-five  cents. 

^Bulletin  No.  47.  Magnetic  Properties  of  Heusler  Alloys,  by  Edward  B.  Stephenson,  1911.     Twen- 
ty-five cents. 

*Bulletin  No.  48.  Resistance  to  Flow  Through  Locomotive  Water  Columns,  by  Arthur  N.  Talbot 
and  Melvin  L.  Enger.     1911.     Forty  cents. 

•Bulletin  No.  49-  Tests  of  Nickel-Steel  Riveted  Joints,  by  Arthur  N.  Talbot  and  Herbert  F.  Moore. 
1911.     Thirty  cenU. 

•Bulletin  No.  60.  Tests  of  a  Suction  Gas  Producer,  by  C.  M.  Garland  and  A.  P.  Krats.     1912. 
Fifty  cenU. 

Bulletin  No.  61.  Street  Lighting,  by  J.  M.  Bryant  and  H.  G.  Hake.     1912.     Thirty-fite  cenU. 

•Bulletin  No.  62.  An  Investigation  of  the  Strength  of  Rolled  Zinc,  by  Herbert  F.  Moore.     1912. 
Fifteen  cents. 
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I.    Results  op  Previous  Experiments  on  Collapse  of  Tubes 

1.  Fairbairn's  Formula. — The  problem  involved  in  the  study  of 
the  collapse  of  tubes  is  to  find  an  equation  by  the  application  of  which 
the  collapsing  pressure  of  a  given  tube  can  be  calculated  when  the 
dimensions  of  the  tube  and  the  elastic  properties  of  the  material  are 
known.  The  first  person  to  attempt  a  solution  of  the  problem  was  the 
noted  British  engineer,  Sir  William  Pairbaim.  In  1858,  Fairbaim 
published  in  the  Philosophical  Transactions  of  the  Royal  Society  of 
London  a  paper  describing  experiments  on  the  collapse  of  about 
twenty-five  tubes.  Fairbaim 's  work  was  done  at  the  suggestion 
and  with  the  aid  of  the  Royal  Society,  and  the  British  Association  for 
the  Advancement  of  Science.  The  immediate  cause  was  the  need  of 
such  knowledge  in  the  design  of  steam  boilers.  The  tubes  were  ''com- 
posed of  a  single  thin  iron  plate  bent  to  the  required  form  upon  a 
mandril  and  riveted  and  also  brazed  to  prevent  leakage  into  the  inte- 
rior." The  ends  were  closed  by  means  of  iron  disks  or  plugs,  and 
the  tube  was  placed  in  a  large  iron  cylinder  where  it  was  subjected 
to  hydraulic  pressure.  The  interior  of  the  tested  tube  was  connected 
with  the  atmosphere  at  the  upper  end.  The  pressure  was  produced 
by  a  hydraulic  pump  and  was  measured  by  ordinary  steam  gauges. 
The  diameters  of  the  tubes  collapsed  were  4,  6,  8,  9, 10,  and  12  inches ; 
the  lengths  ranged  from  19  to  60  inches ;  and  the  wall  thickness  was 
.043  of  an  inch  for  each  tube.  The  tubes  were  what  we  describe  to-day 
as ''short"  and ''thin.'' 

Fairbaim  summed  up  the  results  of  his  experiments  in  the  well- 
known  formula: 

p«  9,675,600^ (1) 

la 

"which  is,"  he  says,  "the  general  formula  for  calculating  the  strength 
of  wrought  iron  tubes  subjected  to  external  pressure  within  the  limits 
indicated  by  the  experiments,  that  is,  provided  their  length  is  not 
less  than  1.5  feet  and  not  greater  than  10  feet."  In  this  formula,  as 
in  other  formulas  presented  in  this  bulletin,  P  is  collapsing  pressure 
in  pounds  per  square  inch ;  t  is  thickness  of  wall  in  inches ;  { is  length 
of  tube  in  inches;  d  is  diameter  in  inches.  It  is  noteworthy  in  the 
history  of  the  subject  that  Fairbaim 's  formula  in  some  form  was  the 
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only  available  formula  for  engineers  for  nearly  fifty  years,  and  that 
his  experiments  seem  to  have  been  the  only  experiments  made  in  this 
field  prior  to  1905  and  1906.  Meanwhile,  the  materials  and  methods 
of  construction,  and  the  uses  of  tubes  had  changed  so  that  Fairbaim's 
constants  were  wholly  out  of  date. 

In  addition,  Fairbaim's  tubes,  as  has  since  been  shown,  were 
below  a  certain  ** critical  length" ;  and,  the  fact  of  a  minimum  critical 
length  not  being  known,  the  formula  was  generally  assumed  to  be 
applicable  to  tubes  of  all  lengths.  Various  modifications  were  pro- 
posed for  the  formula*  but  practically  all  of  them  were  based  on 
Fairbairn's  data. 

2.  Experiments  of  Carman. — The  first  experiments  on  the  col- 
lapse of  tubes  after  Fairbaim's  were  those  of  A.  P.  Carman,  which 
were  reported  and  discussed  in  a  paper  read  before  the  American 
Physical  Society  in  April,  1905,  and  published  in  the  Physical  Review, 
Vol.  XXI.  These  experiments  were  conducted  with  small  seamless 
brass  tubes  and  showed  ''that  there  is  a  minimum  length  for  each 
tube  above  which  the  collapsing  pressure  is  constant.  Again,'*  still 
quoting  this  paper,  ''we  see  that  for  lengths  less  than  this  critical 
minimum  length,  the  collapsing  pressure  rises  rapidly.  As  definitely 
as  can  be  determined  from  these  small  tubes,  the  collapsing  pressure 
varies  inversely  as  the  length,  for  lengths  less  than  the  critical 
length."  It  was  further  pointed  out  that  Fairbaim's  tubes  were  all 
less  than  the  critical  length.  "These  experiments  on  small  brass  tubes 
have  shown  that  formulas  of  the  Fairbairn  type  are  inadequate,  and 
that  for  tubes  of  suflScient  length,  a  formula  of  the  type  proposed  by 
Bryan  and  Love  is  more  nearly  true."  The  formula  referred  to  is 
that  first  given  by  Professor  G.  H.  Bryant  of  Cambridge,  England, 
and  later  deduced  by  other  methods  by  A.  B.  BassettJ  and  A.  E.  H. 
Love§.    The  formula  is  given  for  long  thin  tubes,  and  is 

m^          t^ 
P^2E— (2) 

where  P  is  the  pressure  of  collapse,  t  is  the  thickness  of  wall,  d  is  the 

I 
mean  diameter,  E  is  Young's  modulus,  and  —  is  Poisson's  ratio. 
m 

*See  Bibliography. 

tProceedings  Cambridge  Philosophical  Society,  Vol.  VI. 

tPhiloiophieal  Magaxine.   September,    1802. 

(Mathematical   Theory  of   Elasticity.   Vol.    2,   p.    819,    1908. 
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3.  RestUrts  Obtained  by  Stewart,  and  by  Carman  and  Carr. — 
In  1906,  two  papers  appeared  on  the  collapse  of  tubes;  one  by  Profes- 
sor R.  W.  Stewart*  read  before  the  American  Society  of  Mechanical 
Engineers,  giving  the  results  of  a  large  number  of  experiments  on 
lap-welded  steel  tubes;  and  the  other  by  Carman  and  Carrt  in  a 
bulletin  of  the  Engineering  Experiment  Station  of  the  University  of 
Illinois,  describing  experiments  on  seamless  steel,  lap-welded  steel, 
and  brass  tubes.  All  of  these  experiments  were  made  on  tubes  longer 
than  the  ** critical  length,"  little  attention  being  paid  to  the  law  of 
lengths  except  to  see  that  the  tubes  were  longer  than  the  critical  mini- 
mum length. 

The  results  obtained  by  Carman  and  Carr  were  stated  as  follows : 

**The  portion  of  a  long  tube  aflfected  by  the  collapse  under  hydrau- 
lic pressure  is  generally  not  greater  than  twelve  times  the  diameter; 
for  greater  lengths  the  collapsing  pressure  is  independent  of  the 
length.  The  law  according  to  which  the  collapsing  pressure  varies 
inversely  as  the  length,  is  true  only  for  very  short  tubes ;  i.  e.,  tubes 
shorter  than  a  certain  critical  *  minimum  length'  which  in  most  cases 
is  from  four  to  six  times  the  diameter. 

t 
**  For  long  thin  tubes,  i.  e.,  for  values  of  —  below  about  .025,  the 

t 
formula  P«-=Jfc  (-7-)*  is  very  nearly  true."  The  constants  for  brass 

and  seamless  tubes  were  calculated  from  the  experimental  data,  and 
the  formulas  stated  as  follows: 

a.    For  thin  brass  tubes 

P  «  25,150,000  (-j-)» (3) 

6.    For  thin  seamless  steel  tubes 

P  — 50,200,000  (-j)» (4) 

**  For  moderately  'thick'  tubes,  that  is,  for  tubes  having  values  of 

-V  between  .03  and  .07,  an  equation  of  the  form 
d 

P^k^-^c (5) 


*TraikMCtioiit  of  the  Americ«n  Society  of  Mechanical  Engineers,   1906. 

t*'  Resiatance  of  Tubes  to  Collapse."     Univ.  of  111.  Eng.  Exp.  Su.  Bal  5,   1906. 
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was  found  to  satisfy  the  experimental  data,  the  formula  becoming: 

a.  For  brass 

P  =- 93,365 -|-— 2474 (6) 

b.  For  seamless  cold  drawn  steel 

P  =«  95,520 -|-— 2090 (7) 

c.  For  lap-welded  steel 

P  =  83,290 -|-  — 1025 (8)" 

Professor  Stewart  found  similar  equations  and  constants  from  his 
experiments  on  lap-welded  steel  tubes. 

Thus  from  theory  and  from  experiments,  fairly  satisfactory  equa- 
tions for  long  thin  tubes  and  for  long  tubes  of  moderate  thickness 
have  been  reached.  The  terms  **long,''  **thin,"  fmd  moderately 
*' thick"  are  used  as  previously  defined.  The  equation  for  long,  mod- 
erately thick  tubes  is  empirical  both  in  its  constants  and  its  form.  The 
equation  for  long  thin  tubes  is  that  of  Bryan  except  that  the  constant 
is  about  30  per  cent  less  than  the  theoretical  value,  probably  due,  as 
suggested  by  R.  V.  Southwell,^  to  the  material  being  beyond  the 
elastic  limits. 

4.  Investigations  of  Southwell,  and  of  Cook. — Within  the  last 
three  years,  there  has  been  considerable  interest  in  the  law  of  the 
collapse  of  ** short"  thin  tubes,  that  is,  in  the  form  of  the  pressure- 
length  curve  near  and  inside  the  critical  length.  The  practical  interest 
in  this  part  of  the  curve  came  first  from  the  problem  of  spacing  **  col- 
lapse rings"  in  boiler  fines.  Another  practical  interest  in  the  problem 
is  found  in  the  collapse  of  steel  fiumes  by  atmospheric  pressure  when 
the  water  is  suddenly  let  out  by  accident  and  the  internal  pressure 
is  reduced  almost  to  zero. 

The  theoretical  interest  comes  from  the  very  important  mathe- 
matical investigations  of  R.  V.  Southwell,  Fellow  of  Trinity  C!ol- 
lege,  Cambridge,  England,  discussed  in  a  paper  entitled  **0n  the 
General  Theory  of  Elastic  Stability."    This  paper  was  read  before 


*Philoiophic»l  Magazine,  p.    504,    September,    1918. 
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Fig.   2.     Tubks   that   have   been   Collapsed.     On   the   Left  the  Mounting 

Arkangement  is  Shown.     Long  Tubes  Collapse  in  Two  Lobes^ 

SiiOKTEK  Tubes  into  Three  Lobes,  and  Still  Shorter 

Tubes  into  Four  Lobes 
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the  Royal  Society  of  London  in  January,  1913.*     In  it  Southwell 
developed  the  following  formula  for  the  collapse  of  thin  tubes : 
<  r  Z  d*      1      m"         ^         f-l 


(9) 


where  P  is  the  collapsing  pressure,  Sis  Young's  modulus,  —  isPois- 
son's  ratio,  Z  is  a  constant  depending  upon  the  end  constraints,  I,  d, 


Fio.  3.     Curve  of  Soxjthwell's  Equation  Reproduced  prom  Philosophical 

Transactions,  1913 

and  i  are  the  length,  diameter,  and  wall  thickness,  and  A;  represents  the 
number  of  lobes  into  which  the  tube  collapses.  It  is  known  that  long 
tubes  collapse  into  two  lobes,  shorter  tubes  into  three  lobes,  and  still 
shorter  into  four  lobes  (See  Pig.  2).  This  formula  is  represented  by 
a  family  of  curves,  corresponding  to  the  value  of  2,  3,  and  4,  for  &. 
Fig.  3  is  reproduced  from  Southwell's  paper.     It  shows  the  curves 

•Philoaophical  TranMctions  of  the  Royal  Society  of  London.  Vol.   213A.  pp.   187-244. 
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for  two,  three,  and  four  lobes,  giving  the  relation  between  collapsing 
pressure  and  length;  values  of  Young's  modulus  and  Poisson's  ratio 
are  assumed  as  noted  on  the  curve.  No  simple  value  for  Z  is  stated 
by  Southwell.  **From  an  inspection  of  the  different  curves,  we  see,*' 
writes  Southwell,  **that  long  tubes  will  always  tend  to  collapse  into 
the  two-lobed  form,  since  the  curve  for  fc  =  2  then  gives  the  least  value 
for  the  collapsing  pressure,  but  that  at  a  length  corresponding  to  the 
point  Ay  the  three-lobed  distortion  becomes  natural  to  the  tube ;  and 
that  for  shorter  lengths  still,  of  which  the  point  B  gives  the  upper 
limit,  the  four-lobed  form  requires  least  pressure  for  its  maintenance. 
Thus  the  true  curve  connecting  pressure  and  length  is  the  discon- 
tinuous curve  CBAE,  shown  in  the  diagram  by  a  thickened  line." 
Then  according  to  Southwell's  theory,  the  curves  which  are  ordinarily 
drawn  to  represent  the  results  of  experiments,  such  as  the  curves  in 
Figs.  8  to  14,  are  really  the  envelopes  of  series  of  curves.  Southwell 
made  some  experiments  which  seem  to  confirm  his  idea  of  the  pressure- 
length  curve.  Our  own  experiments  have  not  given  any  decisive  proof 
of  this  feature  of  Southwell's  formula.  It  is  to  be  noted  that  for 
long  tubes,  that  is,  where  ft=2,  Southwell's  formula  reduces  to  the 
Bryan  formula. 

Southwell  has  further  discussed  the  theory  of  the  collapse  of  tubes 
in  three  articles  in  the  Philosophical  Magazine  for  1913  and  1915.* 
The  third  of  these  articles  is  largely  a  discussion  of  his  theory  with 
reference  to  some  very  interesting  experiments  on  the  collapse  of  short 
tubes  by  Gilbert  Cook  of  the  University  of  Manchester.! 

Southwell's  formula  differs  from  the  previous  formula  of  Bryan 
in  giving  an  expression  for  the  collapsing  pressures  for  lengths  less 
than  the  ** critical  length."     He  deduces  as  an  expression  for  the 

— ,  '^k  being  some  constant  depending 

upon  the  type  of  the  end  constraints.  "J 

The  Southwell  formula  further  makes  the  envelope  of  the  pressure- 
length  curve  a  hyperbola  for  lengths  less  than  the  critical  length. 
Hence,  if  the  critical  length  can  be  determined,  the  curve  can  be 
drawn  and  the  strength  of  a  short  tube  calculated.    The  experiments 


*  Philosophical    Magasine,    pp.    687-698.    May.    1913;    pp.    502-511.    September,    1918: 
pp.   67-77,   January,    1915. 

t Philosophical  Magazine,  pp.   51-56,  July.   1914. 
^Philosophical    Transactions,    Vol.    2iaA,    p.    227. 


Digitized  by 


Google 


THE   COLLAPSE   OP   SHORT   THIN   TUBES  13 

of  Carman  and  of  Stewart  indicated  a  length  of  six  diameters  as  the 
critical  length. 

Cook's  experiments  were  made  to  determine  the  strength  of  short 
tubes  and,  as  a  part  of  the  investigation,  to  determine  the  **  critical 
length."  He  gives  the  results  of  the  collapses  of  thirty-nine  ** solid 
drawn'*  steel  tubes,  all  of  three  inches  internal  diameter,  of  values 

of  -—  varying  between  .0097  and  .0206,  and  of  lengths  from  2.08 
d 

inches  to  12.71  inches.    Unfortunately  Cook's  apparatus  limited  him 

to  tubes  of  less  than  thirteen  inches  in  length,  that  is,  to  lengths  of 

about  four  diameters,  so  that  his  curves  do  not  reach  the  important 

bends  or  "critical"  points.    He,  however,  concludes  from  estimates 

that  **the  critical  length  varies  from  thirteen  to  eighteen  times  the 

with  k  =  1.73  for  his  steel  tubes.  Southwell  in  his  discussion  of  Cook's 
work  and  the  "critical  length"  says,*  "Both  theory  and  experiment 
suggest  that  the  length  of  a  tube  sensibly  affects  its  resistance  to 
external  pressure  only  in  the  case  of  comparatively  short  tubes,  and 
the  earliest  definitions  of  the  term  'critical  length,'  given  almost  simul- 
taneously by  Professor  A.  E.  H.  Love  as  *the  least  length  for  which 
collapse  is  possible  under  the  critical  pressure,'  and  by  A.  P.  Carman 
as  a  *  minimum  length,  beyond  which  the  resistance  of  a  tube  to  col- 
lapse is  independent  of  the  length,'  were  in  recognition  of  this  fact. 
Professor  Carman  concluded  further  from  the  early  experiments  of 
Fairbaim  and  from  others  which  he  himself  conducted,  that  *the  col- 
lapsing pressure  varies  inversely  as  the  length,  for  lengths  less  than 
the  critical  length.'  That  is  to  say,  the  curve  suggested  by  him  as 
expressing  the  experimental  relation  between  collapsing  pressure  and 
length  for  a  tube  of  given  thickness  and  diameter  consists  of  two  dis- 
continuous branches ;  a  straight  line,  representing  constant  collapsing 
pressure  for  all  lengths  above  the  critical  length,  and  a  rectangular 
hyperbola  intersecting  this  line  at  a  point  corresponding  to  the  critical 
length. 

"If  these  views  were  adopted,  the  critical  length  for  any  definite 
size  of  tube  may  be  determined  from  experiments  by  estimating:  (1) 
the  straight  line,  parallel  to  the  axis  of  length,  which  best  represents 
the  collapsing  pressure  for  tubes  of  considerable  length,  and  (2)  the 

*  Philosophical  Magazine,  p.   68,  January,   1915. 
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hyperbola  which  agrees  best  with  the  results  for  the  shorter  tubes; 
their  point  of  intersection  gives  the  required  value.  This  is  substan- 
tially the  procedure  adopted  by  Mr.  Cook,  who  finds  that  within  the 
range  of  his  experiments  the  critical  length  L,  thus  defined,  is  given 
satisfactorily  by  the  formula.  

L  =  1.7Syl^ (10) 

**Two  of  the  five  curves  upon  which  Cook  bases  his  conclusions  are 
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Lon^fh   irf    inches. 

Prbssube-Lenoth  Curves  Showing  Experimental  and  Calculated 
Values  According  to  Gilbert  Cook.    Beproduged  from 
PHiLOSOPmcAL  Magazine,  1914 


shown  in  Figs.  4  and  5  which  are  reproduced  from  his  article.  Agree- 
ment of  the  curve  with  this  theory  is  not  close,  particularly  for  the 
thicker  tubes.  Although  Cook  suggests  the  given  formula,  he  frankly 
says  that  'the  tests  cannot  be  regarded  as  sufScient  in  number  or 
covering  enough  range  of  dimensions  to  confirm  definitely  the  equation 

—  Though  there  is  considerable  amount  of  data  for  a 
law  on  long  thin  tubes  and  for  long  moderately  thick  tubes,  there  are 
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few  experimental  results  on  the  collapse  of  short  tubes.  Th^  following 
experiments  were  undertaken  in  order  to  get  more  facts  on  the 
strength  of  short  tubes  of  steel  and  of  brass.  To  these  have  also  been 
added  some  experiments  on  tubes  of  aluminum,  glass,  and  hard  rub- 
ber. The  results  obtained  with  the  three  last  named  materials  not  only 
have  an  interest  in  themselves,  but  also  may  have  a  theoretical  interest 
in  future  discussions  of  formulas  on  account  of  the  different  elastic 
constants  involved. 
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Fig.  5.     Pressure-Length  Curves  Showing  Experimental  and  Calculated 

Values  According  to  Gilbert  Cook.    Reproduced  prom 

Philosophical  Magazine,  1914 

A  larg^  part  of  the  experimental  work  described  in  this  paper  has 
been  done  by  Stetfan  F.  Tanabe,  M.  S.,  Research  Fellow  of  the 
Engineering  Experiment  Station.  Credit  is  due  him  also  for  many  of 
the  details  of  the  apparatus  and  methods. 


IT.    Methods  and  Results  op  Experiments  on  the  Collapse  op 

Short  Thin  Tubes 

5.  ApparatiLS, — The  apparatus  was  for  the  most  part  that  which 
the  author  used  a  number  of  years 'ago  in  previous  experiments  of 
this  kind.  The  hydraulic  pressure  was  produced  in  a  stout  nickel- 
steel  tube  or  receptacle  40  inches  in  length,  5  inches  in  internal  diam- 
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eter,  and  7  inches  in  external  diameter.  The  lower  end  was  closed  by  a 
cast-iron  plug,  and  the  upper  end  by  a  heavy  steel  disk  or  cover  which 


-  /^^vra^e^ffr: 


•Tvhe   unJmr  fmsf. 


^^k'om  patnp. 


Fig.  6.    Section  op  the  Nickel-Steel  Tube  in  which  the  Tubes  were  Col- 
lapsed BY  Hydraulic  Pressure 

was  held  in  place  by  eight  circular  bolts  as  shown  in  Figs.  5  and  6. 
A  lead  gasket  with  circular  grooves  in  the  end  face  of  the  tube  pre- 
vented leakage  even  at  the  highest  pressures.  This  tube  was  held  in 
a  vertical  position,  so  that  the  heavy  steel  cover  could  be  conveniently 
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handled  by  a  chain  hoist.  The  hydraulic  pressure  was  produced  by 
a  Cailletet  pump,  made  by  the  Societe  (Jenevoise,  and  by  a  screw 
plunger,  which  was  made  in  the  department  shop.  The  pressure  was 
raised  nearly  to  the  required  amount  by  the  pump,  and  then  brought 


A  Tapered  5fyaft 
B  AIrpass4iye. 
C  tfeadcffsM. 
P  B otto  in  dhh 
6  Ortu/4ir  ^roo^. 
T  \A/a// of  tub/ng. 
L  Effect /k>'e  /engfh 
of  fuhinf 


Fig.    7.     Cross-Section   op   Spindle   for   Mounting   a    Tube   for   Collapse 

THE  Grooves  G  were  Filled  with  Packing  and  Asphaltum 

TO  Make  Them  Watertight 

gradually  to  the  pressure  of  collapse  by  means  of  the  screw  plunger. 
It  was  measured  by  three  tested  gauges  of  the  Bourdon  type.  The 
arrangement  for  closing  the  tube  for  collapse  is  shown  in  Fig.  7.  This 
was  the  result  of  several  trials,  and  proved  very  effective  and  easy 
to  use.  The  steel  end  plugs  were  turned  so  that  the  tube  could  slide 
over  them  with  a  close  fit,  but  without  strain.     The  length  of  the 
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tube  thus  supported  on  the  inside  at  each  end  was  about  one-eighth 
inch  for  the  small  tubes,  and  as  large  as  one  half -inch  for  the  three- 
inch  tubes.  The  groove  left  around  the  tube  was  for  the  packing. 
The  end  of  the  tube  was  wrapped  with  ** friction"  tape — ^the  rubber- 
ized tape  used  for  insulation  in  electrical  wiring — and  the  surround- 
ing groove  was  packed  with  it.  Melted  asphaltum  was  then  poured 
over  the  tape,  and  in  some  cases  the  whole  end  was  coated  by  dipping 
it  into  the  asphaltum.  There  was  seldom  any  trouble  with  leakage 
even  at  the  highest  pressures.  The  end  constraint  was,  by  this 
arrangement,  reduced  practically  to  that  of  the  support  of  the  inter- 
nal plug.  To  eliminate  the  end  pressure  on  the  tube,  an  internal 
bolt  was  used  which  was  threaded  at  both  eads  and  screwed  down 
by  means  of  tapped  holes  at  the  centers  of  the  end  plugs.  As  this 
bolt  did  not  come  through  the  end  plugs,  a  serious  source  of  leakage 
was  avoided.  The  bolt  or  shaft  was  tapered  so  that  it  could  be  easily 
withdrawn  from  the  collapsed  tube.  The  upper  plug  was  turned  down 
and  threaded  so  as  to  screw  into  a  hole  tapped  into  the  large  steel-disk 
cover  of  the  nickel-steel  receptacle.  A  small  canal  through  this  con- 
nected the  interior  of  the  tested  tube  with  a  manometer.  The  pressure 
on  the  inside  was  atmospheric  except  at  the  moment  of  collapse.  The 
steel  and  brass  tubes  were  carefully  machined  to  the  required  thick- 
nesses, so  that  results  have  been  obtained  for  several  values  of  -— 

d 

for  each  length  of  tube. 

Three  gauges  were  used,  the  connections  being  such  that  any  one 
or  all  could  be  used  in  each  case.  Two  of  the  gauges  were  made  by 
Shaflfer  and  Budenberg  of  Magdeburg,  Germany,  the  third  by  the 
Crosby  Gage  Company.  The  first  gauge  read  to  a  maximum  of  300 
kilograms  per  square  centimeter,  each  scale  division  representing 
5  kilograms  per  square  centimeter;  the  second,  to  a  maximum  of 
1000  kilograms  per  square  centimeter,  each  scale  division  represent- 
ing 10  kilograms  per  square  centimeter;  and  the  third  to  2000 
pounds  per  square  inch,  each  scale  division  representing  50  pounds 
per  square  inch.  These  gauges  were  tested  by  using  a  Crosby  Fluid 
Pressure  Scale.  This  is  the  standard  rotating  piston  balance  made 
by  the  Crosby  Gage  Company  for  testing  gauges  up  to  a  pressure 
of  25,000  pounds  per  square  inch.  The  readings  of  the  gauges  were 
corrected  in  accordance  with  these  tests;  the  corrections  were  so 
small  that  they  could  have  been  neglected  for  these  experiments. 
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6.    Results. — The  results  of  the  experiments  are  given  in  Tables 
1  to  7  inclusive  (pages  33  to  36)  and  in  Figs.  8  to  14  inclusive  of  this 


2  ^  S  S 

Fio.  8.    Pressube-Lbnoth  Curves  for  Five  Dipf^^ibnt  Thicknesses  of 
One-Inch  Seamless  Steel  Tubes 

bulletin.  The  number  of  lobes  of  the  collapsed  metal  tubes  is  given 
in  most  cases.  The  number  is  recorded  on  account  of  its  importance 
in  the  theory  of  stability  and  instability,  which  has  been  discussed  by 
Southwell.    In  the  collapse  of  glass  tubes,  we  had  the  very  striking 
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Fig.  9. 


2  ^  6  S  /O 


Pressure-Length  Curves  for  Four  Dipperent  Thicknesses  of 
Two-Inch  Seamless  Steel  Tubes 


occurrence  of  the  glass  being  reduced  to  a  fine  powder.  The  data 
as  given  represent  the  results  of  the  collapse  of  about  one  hundred  and 
fifty  tubes.    In  nearly  all  cases  of  the  steel  and  the  brass  tubes,  there 
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were  two  tubes  of  the  given  dimensions ;  thus  an  average  could  be  made 
for  each  point.    This  duplication  also  gave  an  inunediate  check  on 
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Fia.  10.     PbsssubeLenoth  Curve  for  a  Three-Inch  Seamless  Steel  Tube 

WITH  TracKNESs  OF  — j"  =-0227 
o 

freak  collapses.  Very  few  freak  collapses  occurred,  however,  and 
these  could  almost  always  be  explained  by  the  irregularities  in  dimen- 
sions or  in  material  that  appeared  upon  the  inspection  of  the  collapsed 
tube.    While  the  machine  work  on  these  tubes  was  done  with  great 
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care  by  the  mechanicians  of  the    department,    Messrs.    Hays    and 

Buchanan,  it  was  impossible  to  get  the  value  of  •--  exactly  the  same 

a 

each  time.     It  was  necessary  therefore  to  make  corrections  in  the 


^40o 


2000 


Curiae  Z^^jO£SS 


Len^//7  //7  c/iannefers 


Fig.  11.    Pressubs-Length  Cubve  fob  Thbee-Quabteb-Inch  Brass  Tube  with 
Thickness  or  -^  =  .0205  and  .0253 

observed  collapsing  pressures  so  as  to  have  sets  of  results  for  a  pres- 

i 
sure-length  curve  with  — -  constant.     These  corrections  were  made 

a 

by  interpolation ;  it  was  assumed  that  the  collapsing  pressures  varied 

i  t 

as   (— r)^  for  constant  length.     Since  the  total  variations  of  —  in 
a  a 
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these  eases  were  very  small,  there  is  little  assumption  in  the  interpo- 
lations and  corrections. 

Observations  were  also  made  of  about  fifty  steel  tubes  of  half -inch 
and  three-quarter-inch  diameters.  The  results  were  very  irregular, 
due  partly  to  unavoidable  variations  in  thickness,  but  more  to  a  lack 
of  homogeneity  of  the  material.  Although  the  tubes  were  called  ''seam- 


'  they  showed  a  longitudinal  seam  upon  being  machined,  an  evi- 
dence of  their  non-uniformity.    An  attempt  was  made  to  anneal  some 
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Pig.    12.     Prbssitre-Lenoth    Curve   tor    One-Inch    Aluminum    Txjbe    with 
TmoKNESs  OF  -J-  =«  .0286 

of  the  steel  tubes  to  secure  greater  uniformity,  but  this  introduced 
great  irregularities  of  form.  The  tubes  were  packed  inside  an  iron 
box  and  heated  to  about  1400  degrees  F.  (measured  by  a  thermo- 
couple) in  the  large  gas  furnace  of  the  Mechanical  Engineering 
Department  and  then  allowed  to  cool  slowly.  The  circular  tubes  came 
out  quite  elliptical,  and  annealing  was  therefore  abandoned.  The  tubes 
used  were  purchased  through  dealers  in  the  open  market.  The  steel 
tubes  were  Shelby  cold  drawn  steel  tubes  made  by  the  National  Tube 
Company.  As  these  tubes  are  not  always  straight  and  are  liable  to 
vary  in  wall  thickness,  the  dealers  kindly  helped  us  in  selecting  tubes 
of  as  perfect  form  as  could  be  found  in  stock.    Through  the  kindness 
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of  the  laboratory  of  Applied  Mechanics  of  this  University  we  got  the 
following  elastic  constants  of  the  steel  and  brass : 


For  steel,  Young's  modulus 
Yield  point 
Ultimate  strength 

For  brass,  Young's  modulus 
Yield   point 
Ultimate  strength 


29.94  X  10«  pounds  per  sq.  in. 
5.96* X  10*  pounds  per  sq.  in. 
7.25  X  10*  pounds  per  sq.  in. 

13.90  X  10*  pounds  per  sq.  in. 
7.45  X  10*  pounds  per  sq.  in. 
9.90  X  10*  pounds  per  sq.  in. 
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Fio.  13.     Pressure-Length  Curve  for  One-Inch  Glass  Tube  with  Thick- 
ness OF  -^=  .0361 

7.  Conclusions, — A  study  of  the  curves  leads  to  the  following  con- 
clusions : 

a.  The  pressure-length  curves  for  different  tMcknesses  and  diam- 
eters are  similar  in  shape.  The  series  of  curves  for  the  one-inch  and 
two-inch  steel,  the  three-quarter-inch  brass  and  the  inch  aluminum 
tubes  show  similar  forms.  The  curves  for  glass  and  hard  rubber 
differ  from  the  others,  the  curve  for  the  glass  tubes  bending  more 
slowly,  and  that  for  the  hard-rubber  bending  at  a  shorter  length  and 
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more  rapidly.  The  number  of  experiments  on  these  last  two  materials 
is,  however,  too  small  to  justify  inueh  generalization. 

b.    By  taking,  in  the  ease  of  the  metal  tubes,  the  point  for  the 
length  of  six  diameters,  and  drawing  a  hyperbola  through  this  point 

using  the  equation  p'==  Pff  there  is  in  most  eases  a  satisfactory  agree- 
ment between  the  observed  and  the  calculated  curves  for  lengths  of 
tubes  less  than  six  diameters.    In  Figs.  15,  16,  and  17,  the  parts  of 
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Fig.  14.     Pressure-Length  Curve  for  One-Inch  Hard  Rubber  Tube  with 
Thickness  —t-  =  .0652 

the  curves  for  lengths  less  than  six  diameters  have  been  reproduced 
from  Figs.  8,  9,  and  10,  and  the  calculated  hyperbolas  have  been 
drawn  on  them.  In  a  few  cases  the  agreement  of  the  two  curves  is 
very  closer  in  one  case  the  two  curves  are  identical  on  the  scale  of  the 
figure.  In  Figs.  18,  19,  and  20,  the  observed  curve  and  the  calculated 
curves  have  been  drawn  and  continued  to  lengths  greater  than  six 
diameters.  It*  is  seen  that  the  hyperbolas  thus  calculated  show  pres- 
sures less  than  those  given  by  experiment.  This  length  of  six  diam- 
eters, then,  appears  to  be  a  ** critical  length.''  The  experimental  curve 
at  this  length  bends  rapidly  towards  the  horizontal,  particularly  in 
the  case  of  the  thicker  tubes.  In  the  case  of  the  thinnest  steel  tubes, 
both  for  those  of  one-inch  and  of  two-inch  diameters,  that  is,  for  tubes 
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15.    Prbssure-Lingth  Gxtbyss  or  Onb-Inoh  Steel  Tubes,  Parts  or 

CXTBVBS    FOB    LENGTHS    LeSS    THAN    8lX    DiAlCETEBS, 
COMPABED   WITH    HYPERBOLAS 


in  which  the  ratio  of  —  is  about  .001,  the  agreement  with  the  hyper- 
d 

bola  is  not  so  exact ;  indeed,  the  maximum  bend  seems  to  occur  at  a 

much  shorter  length.    While  the  curves  for  these  very  thin  tubes  show 

much  uniformity,  and  the  same  characteristics  are  found  in  tubes  of 
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Fig.  16. 


Pressure-Length  Curves  or  Two-Inch  Steel  Tubes,  Parts  of  the 
Curves  for  Lengths  Less  than  Six  Diameters, 
Compared  with  Hyperbolas 
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different  diameters,  the  percentage  of  error  with  such  low  pressures 
of  collapse  is  necessarily  greater. 

c.    The  experimental  curves  of  this  investigation  are  not  in  agree- 


2400 


Cuty^eJ  hy  /nferpo/a/ifan    l^^ljs]^ 
•  •     #    ••  ••  L^6D 


L  erp^f/i  in    cf/anieter^. 


Fig.    17.     Pressure-Length   Curves   op   TmiEB-QuARTEE-lNCH   Brass    Tubes, 
Parts  of  the  Curves  for  Lengths  Less  than  Six  Diameters, 

Compared  with  Hyperbolas  ^ 

•  V^ 

ment  with  the  Southwell  formula  -L  =  fc  \/ —  which  Cook  has  used. 

^  t 

This  is  shown  in  typical  cases  in  Pigs.  18, 19,  and  20,  where  the  curves 


fori, 


-i.,.v? 


are  drawn  for  the  one-inch  and  three-inch  steel  tubes 
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Fig.  18.    Pressube-Lenoth  Curve  op  One-Inch  Steel  Tube.     Experimental 
Curve  Compared  with  Two  Calculated  Curves 
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Fig.  19.    Pressure-Length  Curve  op  Three-Inch  Steel  Tube  Compared 
Two  Calculated  Curves 
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Fig.    20.     PbbssurbLenoth   Curves   of    Thrsx-Quarteb-Inch   Brass    Tubes 
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having  a  ratio  —  of  .0245  and  .0227,  and  for  the  three-quarter-inch 
(t 

brass  tube  having  a  ratio  -j-  of  .0205.    In  the  same  figures  the  rec- 

d 

tangular  hyperbolas  are  drawn  through  the  experimental  point  for 

—  is  written  in 

the  form 

kd 


L=IT (11) 


VJ 


the  critical  length  should  increase  directly  as  the  diameter  and  in- 
versely as  the  square  root  of  — .    It  is  evident  that  the  length  corre- 

d 

sponding  to  the  critical  bend  does  vary  as  the  diameter  of  the  tube, 
but  the  curves  do  not  show  that  the  thinner  tubes  have  longer  critical 
lengths.  Indeed  our  curves  for  the  very  thin  one-inch  and  two-inch 
steel  tubes  rather  indicate  a  shorter  critical  length  than  six  diameters. 
To  obtain  reliable  results  on  very  thin  tubes,  facilities  are  required 
for  testing  tubes  of  large  diameters,  so  that  small  variations  in  thick- 
ness and  material  may  not  affect  the  final  results. 

The  experimental  curves  for  these  metal  tubes  for  which  the 

t 
ratio  —r  is  between  .025  and  .015  show  that  there  is  a  ** critical"  bend 
d 

at  the  length  of  about  six  diameters,  the  part  of  the  curve  for  shorter 
lengths  being  approximately  a  rectangular  hyperbola.  Beyond  this 
critical  bend  the  curve  approaches  more  or  less  rapidly  a  straight  line 
parallel  to  the  axis  of  lengths.  These  results,  in  connection  with  pre- 
vious results  on  the  collapsing  pressures  of  long  tubes,  make  it  possi- 
ble to  calculate  from  the  data  with  reasonable  approximation  the 
collapsing  pressures  of  short  tubes  of  certain  thicknesses. 
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Table  1 

One-Inch  Steel  Tubes 

Inside  Dl/lmeter  .942  Inches 


Lencth 
in  Inches 

Lencth 
in  Diamt. 

I 
d 

PreMureof 

CoIUdm 

Lb.  per  Sq.  In. 

Number 

of 

Lobea 

1.72 

1.8 

.0245 

2490 

4 

1.74 

1.8 

.0190 

1600 

3  or  4 

1.785 

1.86 

.0150 

1030 

3  or  4 

1.78 

1.87 

.01 

420 

4 

2.63 

2.73 

.0245 

2060 

3 

2.<W 

2.74 

.0190 

1180 

3 

2.63 

2.74 

.0150 

670 

8 

2.63 

2.75 

.010 

200 

3 

3. 69 

3.82 

.0245 

1390 

2  or  3 

3.60 

3.84 

.0190 

800 

3 

3.69 

3.85 

.0160 

550 

3 

3.69 

3.9 

.010 

120 

3 

3.72 

3.9 

.0225 

1170 

3 

5.63 

5.85 

.0245 

920 

2 

5.63 

5.73 

.0225 

730 

2 

5.63 

5.85 

.0190 

620 

2 

5.63 

5.9 

.0160 

320 

2 

5.63 

5.9 

.010 

115 

2 

6.5 

5.6 

.0227 

675 

3 

7.5 

7.8 

.0245 

900 

2 

7.59 

7.7 

.0225 

710 

2 

7.56 

8. 

.010 

60 

2 

7.44 

7.8 

.015 

210 

2 

7.62 

8. 

.015 

190 

2 

7.62 

8. 

.019 

420 

2 

9.6 

10. 

.0245 

900 

2 

9.56 

9.75 

.0225 

625 

2 

9.6 

10. 

.019 

440 

2 

9.56 

10. 

.015 

160 

2 

11.6 

12. 

.0245 

750 

2 

11.63 

11.85 

.0225 

600 

2 

11.63 

12. 

.019 

375 

2 

11.6 

12.1 

.015 

145 

2 
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Table  2 

Two-Inch  Steel  Tubes 

Inside  Diameter  1.873  Inches 


Length 
in  Inches 

Lencth 
inDiama. 

t 
d 

ri'ewure  of 

ColUpee 

Lb.  perSqTln. 

Number 

of 

Lobee 

3.01 

2. 

.0245 

2870 

3 

3.88 

2. 

.   .0197 

1770 

3 

4. 

2.1 

.015 

920 

3 

3.88 

2.1 

.010 

350 

2 

5.94 

3.1 

.0245 

2100 

3 

5.94 

3.1 

.0197 

1250 

3 

5.94 

3.1 

.015 

580 

3 

5.94 

3.1 

.010 

150 

2 

7.8 

4.1 

.0245 

1630 

2 

7.63 

4. 

.0197 

980 

2 

7.68 

4. 

.015 

540 

2 

7.66 

4. 

.010 

135 

2 

11.34 

5.9 

.0245 

1080 

2 

11.34 

6. 

.0197 

590 

2 

11.34 

6. 

.015 

360 

2 

11.34 

6. 

.010 

70 

2 

15.13 

7.9 

.0245 

960 

2 

15.13 

7.9 

.0197 

510 

2 

15.13 

8. 

.0150 

220 

2 

15.13 

8. 

.0099 

55 

2 

18.94 

9.9 

.0245 

794 

2 

23.0 

12.5 

.0245 

780 

2 

27.8 

14.5 

.0245 

855 

2 

Table  3 

Three-Inch  Steel  Tubes 

Inside  Diameter  2.87  Inches 


Lenfth 
in  Inches 

Length 
in  Diams. 

i 
d 

Preasure  of 

ColUpee 

Lb.  per  Sq.  In. 

Number 

of 

Lobee 

5.88 

2. 

.0227 

2640 

4 

9.12 

3.1 

.0227 

1960 

12.14 

4.1 

.0227 

1390 

2 

12.17 

4.1 

.0227 

1040 

2 

12.19 

4.1 

.0227 

1010 

2 

15.06 

5.1 

.0227 

873 

2 

15.06 

5.1 

.0227 

910 

2 

18.13 

6.2 

.0227 

756 

2 

18.28 

6.2 

.0227 

895 

2 

24.13 

8.2 

.0227 

684 

2 

24.25 

8.2 

.0227 

770 

2 
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Table  4 

Thbkb-Quabteb-Inch  Brass  Txtbes 

Inside  Diahetee  .751  Inches 


Lencth 
inlnohM 

Length 
inDiams. 

Prenureof 

ColUpse 

Lb.  per  Sq.  In. 

Number 

of 

Lobes 

1.50 

2. 

.0138 

310 

3 

1.66 

2. 

.0138 

400 

3 

1.66 

2. 

.0206 

1160 

3 

1.66 

2. 

.0253 

1000 

3 

3.28 

3. 

.0138 

346 

3.28 

3. 

.0138 

800 

3.28 

2.0 

.0205 

020 

3.26 

2.0 

.0253 

1470 

2.25 

2.0 

.0253 

1310 

3. 

3.0 

.0253 

1400 

3. 

3.0 

.0263 

1360 

3. 

3.0 

.0276 

1420 

4. 

6.7 

.0206 

400 

2* 

4. 

6.7 

.0205 

420 

2 

4.66 

6.0 

.0253 

810 

2 

4.63 

6. 

.0253 

700 

2 

5.60 

7.4 

.0205 

348 

2 

6. 

7.8 

.0205 

660 

2 

7.6 

0.8 

.0205 

362 

2 

7.6 

0.8 

.0205 

388 

2 

Table  5 
One-Inch  AmiiiNuif  Txtbes 
Inside  Diameter  .944  Inches 


Length 
inlnohee 

Length 
inDuuns. 

i 

T 

PreMureof 

ColUpee4 

Lb.  per  fiq.  In. 

Number 

of 

Lobes 

1.18 

1.0 

.028 

750 

4 

3.50 

2.7 

.0286 

630 

3 

3.63 

3.7 

.0285 

470 

3 

3.63 

3.7 

.020 

475 

3 

6.53 

6.7 

.0288 

330 

2 

7.53 

7.8 

.020 

280 

2 

0.60 

0.0 

.0205 

280 

1 
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Table  6 
Oxb-Inch  Glass  Txtbes 
Internal  Dlameter  .96  Inches 


Length 
in  Inches 

Length 
in  Diama. 

t 
d 

Preetureof 
Lb.  per  ^  In. 

Condition  of 

CoUftpaed 

Tube 

3.60 
5.63 
5.63 
7.47 

3.7 
5.8 
6.8 
7.7 

.036 
.036 
.036 
.036 

1230 
1040 
1000 
950 

practically  pulverised 
«•                  •• 

Table  7 
One-Inch  Hard  Rubber  Tubes 


Length 
in  Inches 

Length 
in  Diams. 

i 
d 

Preeeureof 

CoUapee 

Lb.  per  8q7  In. 

Condition  of 

CoUapMd 

Tube 

1.69 

2.63 
3.63 
5.56 
7.56 
9.55 

1.6 

2.5 
3.4 
5.2 
7.1 
8.9 

.0643 

.0654 
.0650 
.0654 
.0652 
.0645 

790      . 

370 
200 
250 
220 
220 

One  lide  cared  in  and 
broken  in  very  fine 
parts. 

In  irregular  parts 

*« 
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of  Mines.  The  reports  of  this  cooperative  investigation  are  issued 
in  the  form  of  hulletins  by  the  Bngineering  Experiment  Station, 
the  Stat6  Geological  Survey,  and  the  United  States  Bureau  of  Mines. 
For  bulletins  issued  by  the  Engineering  Experiment  Station,  address 
Engineering  Experiment  Station,  Urbana,  Illinois;  for  those  issued 
by  the  State  Geological  Survey,  address  ^  State  Geological  Survey^ 
Urbana,  Illinois;  and  for  those  issued  by  the  United  States  Bureau 
of  Mines,  address  the  Director,  United  States  Bureau  of  Min^ 
Washington,  D.  0. 


Digitized  by 


Google 


UNIVERSITY  OF  ILLINOIS 
ENGINEERING  EXPERIMENT  STATION 

BtnximN  No.  100  Jxtne,  1917 


PERCENTAGE  OF  EXTRACTION  OF  BITUMINOUS 

COAL  WITH  SPECIAL  REFERENCE  TO 

ILLINOIS  CONDITIONS 


BY 

C.  M.  YOUNG 
Assistant  Pbofessob  of  Mininq  Beseabch 


ENGINEERING  EXPERIMENT  STATION 

PXTBLIUBD   BT  TRB  UlfTTXltBITr  OF   IlUNOIB,   UrBANA 


Digitized  by 


Google 


Digitized  by 


Google 


CONTENTS 

PAOB 

Introduction 7 

1.  Preliminary  Statement .  7 

2.  Acknowledgments                             7 

3.  Summary 8 

4.  Conclusions 8 

Chapter  I.    Mining  Methods  and  Conditions  in  Relation 

TO  Extraction 11 

5.  Introduction 11 

6.  Subsidence 18 

7.  Squeezes 20 

Chapter  II.    Extraction  in  Illinois 29 

8.  Plan  for  Division  of  Districts 29 

9.  Conditions  Affecting  Extraction 31 

10.  District  I 31 

11.  District  II 32 

12.  District  III 33 

13.  District  IV 36 

14.  District  V 38 

15.  District  VI 40 

16.  District  VII 53 

17.  District  VIII 56 

18.  Conclusion 59 

Chapter  III.    Methods  and  Recovery  in  the  United 

States 60 

19.  Eariy  Methods  in  the  United  States 60 

20.  Pennsylvania 61 

21.  Connellsville  District 75 

22.  Central  Pennsylvania 83 

23.  Summary  of  Facts  Relating  to  the  Percentage  of 

Recovery  in  Pennsylvania 88 

24.  Maryland 90 

25.  West  Virginia 98 

3 


Digitized  by 


Google 


4  CONTENTS    (coKTINXTSd) 

PAOB 

26.  Ohio 116 

27-  Kentucky 118 

28.  Tennessee 121 

29.  Alabama 122 

30.  Indiana 126 

31.  Michigan 126 

32.  Iowa 126 

33.  Missouri 127 

34.  Arkansas 128 

35.  Kansas 130 

36.  Oklahoma 132 

37.  Texas 133 

38.  North  Dakota 133 

39.  Colorado 133 

40.  New  Mexico 134 

41.  Utah 134 

42.  Washington 141 

Appendix.    Development  op  Mining  Methods  in  England 

and  on  the  continent      .......  142 

43.  Brief  History  of  Coal  Mining  Practice  in  England  .  142 

44.  Ventilation 147 

45.  The  Panel  System 148 

46.  Square  Work  of  South  Stafifordshire 149 

47.  The  Long-wall  System 150 

48.  Percentage  of  Recovery  in  England        151 

49.  Percentage  of  Coal  Lost 154 

50.  Mining  Conditions  on  the  Continent 156 

51.  Percentage  of  Extraction  on  the  Continent  166 

Bibliography 160 

Index 166 


Digitized  by 


Google 


LIST  OF  FIGURES 

NO.  PAOB 

1.  Map  Showing  Thicknesses  of  Coal  and  Values  of  Farm  Lands,  as  Given 

by  the  1910  Census  Reports 19 

2.  Map  of  Districts  of  Cooperative  Coal  Mining  Investigations  ....  30 

3.  Pillar  Drawing  at  Matherville,  Illinois                       35 

4.  Pillar  Drawing  in  Franklin  Coimty,  Illinois 46 

5.  Panel  Long-wall 52 

6.  Plan  of  an  Operation  in  Macoupin  County,  Illinois,  Showing  Extraction 

in  a  Limited  Area 55 

7.  Plan  of  Mine  in  Vermilion  County 67 

8.  Old  Method  of  Room-and-Pillar  in  Pittsburgh,  Pa.,  District     ....  62 

9.  Improved  Method  of  Room-and-Pillar  in  Pittsburgh,  Pa.,  District      .     .  63 

10.  Modem  Method  in  Pittsburgh  District 65 

11.  Pillar  Drawing  with  Machines  in  Pittsburgh,  Pa.,  District 67 

12.  Tapered  Pillars 68 

13.  Pillar  Drawing,  Curtain  of  Coal 69 

14.  Proposed  Plan  for  Pittsburgh-Buffalo  Coal  Company 70 

15.  Extraction  of  Pillars  under  Draw  Slate 71 

16.  Detail  of  Pillar  Work  under  Draw  Slate 71 

17.  Detail  of  Pillar  Work  in  Absence  of  Draw  Slate 73 

18.  Method  of  Reducing  Pillar  Work  in  Pittsburgh,  Pa.,  District    ....  74 

19.  Pillar  Drawing  in  Connellsville,  Pa.,  District 77 

20.  Concentration  Method  in  Connellsville,  Pa.,  District 79 

21.  Concentration  Method  in  Connellsville,  Pa.,  District — Order  of  Working  81 

22.  Concentration  Method — Maximum,  Mediiun,  and  Minimimti  Plans  .     .  82 

23.  "Big  Pillar"  Method  Used  in  Cambria  County,  Pa 84 

24.  Block  Long-wall  with  Face  Conveyors 87 

26.  Method  of  Working  the  Georges  Creek  Big  Vein,  1850 91 

26.  Method  of  Working  the  Georges  Creek  Big  Vein,  1870-1880     ....  93 

27.  Method  of  Working  the  Georges  Creek  Big  Vein,  1890 94 

28.  Method  of  Working  the  Georges  Creek  Big  Vein,  1900 95 

29.  Method  of  Working  the  Georges  Creek  Big  Vein,  1904 96 

30.  Plan  of  Working— Fairmont,  West  Virginia,  District 99 

5 


Digitized  by 


Google 


6  List  OF  FIGX7RES    (CONTINUBd) 

NO.  FAOB 

31.  Pillar  Drawing  in  Fairmont,  West  Virginia,  District 100 

32.  Wide  Barrier  Pillars  and  Room  Stumps,  Kanawha  District,  West  Virginia  102 

33.  Plan  of  Working  of  Pocahontas  Coal  and  Coke  Company 106 

34.  Single  Room  Method,  Logan  County,  West  Virginia 112 

35.  Big  Room  Method,  Logan  County,  West  Virginia 113 

36.  Block  System  of  Retreating  Long-wall,  West  Virginia 115 

37.  Proposed  Plan  of  Wind  Rock  Coal  Company,  Tennessee 123 

38.  Panel  Long-wall  in  Oklahoma 131 

39.  Pillar  Drawing  in  Utah 136 

40.  Pillar  Drawing  in  Utah 137 

41.  Pillar  Drawing  in  Utah 138 

42.  Pillar  Drawing  in  Utah 139 

43.  BeUPit 142 

44.  Bord-and-Pillar 143 

45.  Stoop-and-Room 144 

46.  Old  Square  Work 150 

LIST  OF  TABLES 

NO.  PAOK 

1 .  Dimensions  of  Rooms  and  of  Room  Pillars  and  Percentages  of  Extraction    23 

2.  Principal  Factors  Governing  Recovery  of  Coal  in  Different  Districts  .     24 

3.  Dimensions  of  Workings  and  Estimated  Percentages  of  Extraction  in 

lUinois  Mines        25,26,27 

4.  Values  of  Surface  and  of  Coal  Rights  by  Counties  in  Illinois  ...     28 

5.  Districts  into  Which  the  State  Has  Been  Divided  for  the  Piupose  of 

Investigation 29 

6.  Percentage  of  Extraction  in  Kanawha  District,  West  Virginia  .     .     .103 

7.  Recovery  of  Coal  in  Mines  of  Pocahontas  CoaJ  and  Coke  Company  .      .   107 

8.  Statement  of  Thicknesses  and  Recoveries,  All  Mines,  United  States  Coal 

and  Coke  Company,  1902  to  1916,  inclusive 108 

9.  Percentage  of  Recovery  of  Live  Work  and  Robbing 109 

10.  Percentages  of  Coal  Losses  asEstimated  by  the  Royal  Commission  of  1905  155 


Digitized  by 


Google 


PERCENTAGE    OP   EXTRACTION   OP   BITUMINOUS    COAL 

WITH  SPECIAL  REFERENCE  TO  ILLINOIS 

CONDITIONS 


INTEODUCnON 

1.  Preliminary  Statement. — The  purpose  of  the  discussion  pre- 
sented in  this  bulletin  is  to  record  the  results  now  being  obtained 
in  recovering  coal  in  the  mines  in  Illinois  and  in  other  bituminous 
coal  mining  districts  of  the  United  States.  A  brief  discussion  is  also 
presented  with  reference  to  recovery  in  the  principal  European  coun- 
tries. Where  the  methods  employed  are  now  producing  an  iinusually 
good  percentage  of  extraction,  the  conditions  under  which  the  min- 
ing is  carried  on  are  described  in  considerable  detail  with  the  belief 
that  they  may  suggest  changes  in  practice  which  will  be  helpful  to 
those  who  are  now  endeavoring  to  recover  a  greater  percentage  of 
the  coal  in  the  ground. 

Most  of  the  data  presented  were  obtained  from  those  operating 
the  mines,  and  represent,  therefore,  calculations  or  estimates  based 
upon  thorough  familiarity  with  conditions.  Some  of  the  methods 
by  which  high  extraction  is  attained  in  other  districts  are  described 
with  the  hope  that  the  coal  producers  of  Illinois  may  find  herein 
suggestions  which  will  prove  helpful  in  their  efforts  to  attain  higher 
recovery. 

It  has  been  impossible  to  include  in  a  single  publication  all  the 
material  available  concerning  the  physical  conditions  encountered 
and  the  methods  adopted  in  the  various  coal  fields,  but  there  will 
be  found  in  the  bibliography  a  list  of  books  and  articles  in  which 
these  subjects  are  covered  in  greater  detail.  It  is  the  present  pur- 
pose to  begin  at  an  early  date  a  more  extended  investigation  of  the 
plans  and  dimensions  of  mine  workings  in  Illinois  with  reference 
to  the  cost  of  production  and  the  percentage  of  extraction. 

2.  Acknowledgments. — The  writer  wishes  to  acknowledge  his 
indebtedness  to  Profebsob  H.  H.  Stoek,  head  of  the  Department 
of  Mining  Engineering,  University  of  Illinois,  and  to  Mr.  F.  W. 
DbWolf,  Director  of  the  Illinois  State  Geological  Survey,  and  also 
to  Mb.  G.  S.  Rice^  Chief  Mining  Engineer,  United  States  Bureau  of 
Mines,  under  whose  direction  the  work  of  the  Illinois  Coal  Mining 
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Investigations  is  being  carried  on.  Professor  Stoek  has  been  espe- 
cially helpful  in  the  collection  of  material  for  the  present  bulletin. 
Many  operators  and  engineers  throughout  the  country  have  contrib- 
uted statements  concerning  the  districts  with  which  they  are  familiar. 
The  state  mine  inspectors  have  assisted  in  the  work  by  suggesting 
mines  at  which  particularly  good  records  of  extraction  have  been 
made  and  also  mines  at  which  new  methods  are  being  tried  with  a 
view  of  increasing  the  percentage. 

3.  Summary. — The  facts  and  information  presented  in  this  bul- 
letin include: 

(1)  A  general  statement  of  the  importance  of  the  problem 
of  increasing  the  percentage  of  extraction  of  the  coal  in  the  ground 
in  order  to  utilize  the  coal  resources  to  a  greater  extent  than  at 
present,  and,  if  possible,  to  decrease  the  cost  of  producing  coal; 
also  an  account  of  previous  efforts  made  to  compile  data  upon  this 
subject. 

(2)  A  statement  with  reference  to  the  conditions  which  have 
influenced  the  development  of  American  coal  mining  methods  and 
which  must  be  considered  in  changing  these  methods  in  order  to 
obtain  more  nearly  complete  recovery. 

(3)  A  record  of  the  recovery  of  coal  in  Illinois  in  the  past, 
and  a  discussion  of  the  efforts  now  being  made  to  increase  the 
percentage  of  extraction. 

(4)  An  account  of  methods  adopted  in  other  states  and  in 
certain  European  countries  by  which  higher  percentages  of  extrac- 
tion are  being  obtained. 

(5)  A  brief  history  of  the  development  of  English  mining 
practice,  upon  which  American  practice  is  founded. 

(6)  A  short  bibliography  with  reference  to  the  subject  of 
coal  mining  methods. 

4.  Conclusions. — ^A  summary  of  conclusions  suggested  by  a  study 
of  the  data  and  information  contained  herein  is  presented  as  follows : 

(1)  In  general  in  America  probably  one  ton  of  coal  has  been 
left  in  the  mine  for  every  ton  brought  to  the  surface. 

(2)  An  effort  is  being  made  in  many  sections  of  the  United 
States  and  in  a  number  of  Illinois  mines  to  decrease  this  loss 
of  coal. 
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(3)  The  low  percentage  of  recovery  in  the  United  States  is 
largely  due  to  economic  conditions  and  to  eflPorts  to  produce 
cheap  coal. 

(4)  Where  economic  conditions  have  been  favorable,  per- 
centages of  recovery  have  been  obtained  in  the  United  States 
quite  as  high  as  in  any  of  the  foreign  countries  in  which  usually 
the  economic  conditions  have  not  been  such  as  to  make  the  pro- 
duction of  cheap  coal  the  determining  element  in  the  choice  of 
a  method. 

(5)  The  low  price  at  which  much  of  the  coal  land  in  the 
United  States  has  been  bought  has  not  offered  an  inducement  to 
save  the  coal. 

(6)  The  best  results  in  recovery  are  now  being  obtained  in 
districts  where  the  value  of  coal  land  is  high. 

(7)  As  a  general  rule  better  extraction  is  being  obtained  in 
West  Virginia  and  Pennsylvania  than  in  the  Middle  West. 

(8)  In  view  of  the  results  being  obtained  in  some  other  dis- 
tricts, under  conditions  no  more  favorable  than  those  in  Illinois, 
the  percentage  of  extraction  in  Illinois  should  be  increased. 

(9)  The  best  results  are  being  obtained  by  the  larger  and 
stronger  companies  which  can  afford  to  plan  for  the  future. 

(10)  The  low  value  of  the  smaller  sizes  of  coal  in  the  past 
has  been  a  drawback  to  pillar  drawing,  because  very  often  pillar 
coal  has  contained  more  of  the  small  sizes  than  room  coal.  With 
the  increasing  use  of  small  sizes  in  mechanical  stokers,  the  price 
will  undoubtedly  advance  to  nearly  the  same  level  as  that  of  the 
larger  sizes;  thus  this  drawback  to  greater  recovery  will  grad- 
ually disappear. 

(11)  One  of  the  reasons  why  newer  methods  have  not  been 
generally  tried  is  to  be  found  in  the  prejudice,  too  common  in 
coal  mining  practice,  against  innovations,  and  in  the  fact  that 
mining  methods  have  been  based  largely  upon  previous  practice 
in  other  countries  or  in  other  states. 

(12)  Many  of  the  attempts  to  draw  pillars  have  been  unsys- 
tematic. Upon  such  unsystematic  work  are  based  many  of  the  opin- 
ions concerning  the  technical  and  commercial  practicability  of 
pillar  drawing  and  the  prejudices  against  it. 

(13)  Subsidence  of  the  surface  must  be  regarded  as  a  neces- 
sary accompaniment  of  mining.     Instead  of  trying  to  prevent 
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subsidence,  the  pillars  should  be  removed  systematically  so  that 
the  surface  subsidence  will  occur  uniformly  and  not  in  isolated 
spots.  Although  there  may  be  a  temporary  disturbance  of  the 
surface,  after  a  short  time  its  condition  will  be  as  good  or  nearly 
as  good  as  before  the  mining. 

(14)  In  Illinois,  at  the  present  time,  more  than  fifty  per 
cent  of  the  coal  is  frequently  left  in  the  ground  in  an  effort 
to  prevent  squeezes  and  subsidence;  even  then  it  is  not  at  all 
certain  that  the  desired  result  is  accomplished. 

(15)  The  best  results  may  be  obtained  by  driving  room  entries 
to  their  full  length,  then  by  beginning  the  rooms  at  the  inby  end 
of  the  entry,  in  order  that  pillar  drawing  may  begin  as  soon  as 
the  inby  room  is  finished. 

(16)  To  be  effective,  pillar  drawing  must  begin  as  promptly 
as  possible  after  the  rooms  are  worked  out. 

(17)  Where  pillars  are  left  to  be  drawn  subsequently,  the 
coal  is  usually  lost,  because  the  pillars  are  crushed  through  squeezes, 
or  because  it  is  not  found  economical  or  convenient  to  take  the 
coal  out  and  at  the  same  time  to  keep  up  the  output  of  the  mine 
with  the  compartively  small  amount  of  coal  left.  In  other  words, 
unless  pillar  drawing  follows  very  closely  after  the  first  working, 
very  little  pillar  coal  is  obtainable. 

(18)  In  many  districts  poor  top  has  prevented  taking  out 
the  full  thickness  of  the  coal,  and  one  of  the  great  losses  is  that 
due  to  coal  left  in  the  roof.  This  loss  has  been  overcome  in  some 
cases  very  successfully,  and  Should  be  carefully  studied. 

(19)  The  reported  percentages  of  extraction  are  usually  too 
high  because,  in  estimating,  often  only  the  section  mined  is  con- 
sidered and  no  account  is  taken  of  top  or  bottom  coal  left  unmined. 
Also  frequently  only  limited  areas  of  the  mine  are  considered 
instead  of  the  mine  as  a  whole. 

(20)  At  different  mines  in  the  same  region  where  physical 
conditions  are  practically  the  same,  the  mining  methods  vary 
widely  with  regard  to  length  of  rooms,  number  of  rooms  in  a 
panel,  thickness  of  barrier  pillars,  etc.  This  variation  in  practice 
suggests  the  advisability  of  a  detailed  study  to  determine,  if  possi- 
ble, a  standard  method  for  a  given  set  of  conditions. 
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CHAPTER  I 

Mining  Methods  and  Conditions  in  Relation  to  Extraction 

5.  Introduction, — The  subject  of  the  percentage  of  coal  extracted 
from  the  mines  in  the  United  States  has  received  very  meager  atten- 
tion, except  in  the  case  of  individual  mines  or  companies.  The  only 
comprehensive  official  study  of  an  extended  coal  mining  area  has  been 
in  the  anthracite  district  of  Pennsylvania,  where  the  high  value  of 
the  coal  and  the  knowledge  that  the  supply  is  limited  early  stimulated 
an  interest  in  the  subject.  This  interest  led  to  the  appointment  of 
the  Coal  Waste  Commission  which  reported  in  1893.* 

In  1905  H.  H.  Stoekf  published  a  table  of  coal  pillar  data  which 
contained  percentages  of  extraction  gathered  largely  by  correspond- 
ence.   See  Table  1,  page  23. 

In  1914  A.  W.  Hesse  t  collected  as  much  information  as  possible 
on  this  subject,  which  is  summarized  in  Table  2,  page  24. 

In  previous  bulletins  of  the  Cooperative  Coal  Mining  Investi- 
gations tables  of  pillar  data  and  percentages  of  extraction  were  given. 
These  are  summarized  in  Table  3,  pages  25,  26,  27. 

Doubtless  many  of  the  figures  in  these  tables  and  others  on  the 
percentage  of  recovery  are  open  to  question,  but  they  represented 
the  best  and  most  nearly  complete  information  available  when  they 
were  published.  There  are  several  reasons  for  questioning  the  accu- 
racy of  the  figures  on  extraction.  Chief  among  them  is  the  fact  that 
estimates  are  usually  based  upon  areas  which  are  too  small  or 
upon  insufficient  data.  A  single  panel  or  a  single  lease  is  some- 
times used  as  a  unit  upon  which  to  base  estimates,  and  often  the 
areas  thus  selected  are  favorably  located.  While  the  estimates  may 
represent  results  obtained  with  the  given  method  of  mining,  they 
by  no  means  represent  the  average  results  for  the  mine  as  a  whole. 
The  panel  selected  for  measurement  is  usually  one  in  which  there 
has  been  no  squeeze,  while  all  about  it  there  may  be  squeezed  areas 
in  idiich  large  amounts  of  coal  have  been  lost.    Many  estimates  are 

_.  *  Report  of  CommiMion  Appointed  to  Invettigate  the  Waste   of  Coal  Mininc  with  the 
View  to  the  Utflixing  of  the  Waate,  1893. 

t  Mines  and  Minerals,  Vol.  26,  p.  107,  1906,  and  International  Library  of  l^ohnology, 
Vol.  160,  par.  40,  p.  60. 

t  "  Maximum  Coal  Recoyery,"  W.  Va.  Mi  n.  Inst.,  June  8,  1914 :  Coll.  Eng..  Vol.  86. 
p.  13;  and  Coal  Age,  Vol.  6,  p.  1061. 
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based  upon  possible  future  recovery  from  pillars,  which  may  or  may 
not  be  obtained. 

Estimates  covering  extraction  frequently  do  not  take  account  of 
top  and  bottom  coal  left  in  the  mine,  and  the  values  reported  often 
refer  only  to  the  section  of  the  coal  actually  mined.  In  mining 
a  coal  bed  ten  feet  thick,  for  instance,  two  feet  of  top  coal  may  be 
left  unmined.  The  maximum  percentage  of  extraction  from  mining 
eight  feet,  in  this  case,  would  be  eighty  per  cent  of  the  total  coal  in 
the  bed.  If,  then,  fifty  per  cent  of  the  eight  feet  mined  is  obtained, 
only  forty  per  cent  of  the  total  coal  in  the  bed  is  recovered. 

The  only  accurate  method  of  estimation  is  to  divide  the  actual 
amount  of  coal  mined,  as  determined  by  the  tonnage  for  which  the 
miner  is  paid,  by  the  amount  of  coal  in  the  ground  as  determined  by 
multiplying  a  given  area  by  the  average  thickness  shown  in  a  large 
number  of  sections  of  the  bed. 

Even  where  great  care  is  exercised,  results  are  often  subject 
to  errors.  The  causes  for  these  have  been  outlined  by  Smyth* 
as  follows:  Inaccuracies  in  railroad  weights  of  possibly  five  to  ten 
per  cent,  inaccuracies  in  estimation  of  coal  used  at  the  mines  fre- 
quently amounting  to  ten  per  cent,  inaccuracies  in  estimating  the 
mean  thickness  of  the  bed  amounting,  even  in  very  uniform  beds, 
probably  to  five  per  cent,  difficulties  of  obtaining  final  figures  until 
a  mine  is  worked  out. 

The  present  condition  of  the  coal  mining  industry  in  this  country 
is  a  natural  result  of  the  course  and  character  of  its  development. 
In  general,  only  those  beds  and  even  parts  of  beds  have  been  worked, 
the  exploitation  of  which  would  result  in  the  largest  immediate 
profits.  Those  methods  of  mining  which  were  cheapest  and  which 
promised  the  largest  profit  on  the  coal  produced  have  been  followed, 
often  without  regard  to  the  possible  injury  of  the  mine  or  the  result- 
ing loss  of  coal.  There  has  been,  moreover,  no  restriction  of  market, 
and  in  many  cases  districts  have  been  opened  when  there  has  been 
very  little  demand  for  coal  in  the  surrounding  territory,  but  when 
conditions  of  operation  and  transportation  have  been  such  as  to 
make  it  possible  for  coal  from  these  districts  to  enter  markets  already 
supplied.  The  result  has  been  cheap  coal,  produced  by  wasteful 
methods. 

Another  result  has  been  over-development  of  the  industry.  The 
opening  in  nearly  all  districts  of  too  many  mines  has  resulted  in  the 

*  Smyth,  John  G.,  Perapnal  Oommnnication. 
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idleness  of  many  mines  during  a  large  part  of  each  year  with  the 
accompanying  increase  in  the  cost  of  production.  In  dull  periods 
coal  has  frequently  been  sold  for  less  than  the  cost  of  production 
in  order  that  mines  might  be  kept  in  operation  and  certain  fixed 
charges  met.  This  subject  was  taken  up  by  Bush  and  Moorshead  in 
1911  in  a  paper*  before  the  American  Mining  Congress  in  which  it  was 
said  that  the  production  in  this  country  exceeded  the  consumption 
first  in  1891,  and  that  the  difference  between  consumption  and  capacity 
for  production  had  steadily  increased.  The  strike  of  1910  in  Illinois, 
Indiana,  and  the  Southwest  emphasized  the  over-capacity  of  the 
mines  of  that  region.  Though  the  mines  of  Illinois  were  idle  during 
six  months  of  the  year,  the  production  of  45,900,246  tons  was  only 
ten  per  cent  less  than  the  production  of  the  previous  year.  The 
mines  of  Oklahoma,  Arkansas,  and  Missouri  were  also  idle  during 
six  months  of  1910  because  of  the  strike,  but  the  production  showed 
an  average  decrease  of  only  twenty  per  cent.  It  was  also  said  that 
the  possible  capacity  of  West  Virginia  mines  was  seventy-five  per 
cent  more  than  the  total  production,  that  the  output  in  the  Pittsburgh 
and  the  No.  8  Ohio  districts  was  reduced  to  thirty  per  cent  of  the 
normal  production  during  the  three  or  four  months  of  each  year 
when  navigation  on  the  lakes  was  closed,  and  that  few  properties 
during  the  three  preceding  years — 1909,  1910,  and  1911— had  been 
operated  more  than  225  working  days  per  year. 

This  over-production,  with  its  small  profit  or  even  loss  in  the 
operation  of  mines,  results  in  a  natural  tendency  to  employ  only 
those  methods  which  will  insure  cheap  coal.  It  is  natural,  also,  that 
under  these  conditions  there  should  exist  an  attitude  of  hesitancy 
with  regard  to  the  adoption  of  new  or  different  methods.  Neither 
the  coal  producer  nor  the  public  has  as  yet  become  aroused  to  the 
full  realization  of  the  fact  that  the  natural  resources  of  the  country 
are  not  inexhaustible.  The  coal  mining  engineer  of  America  accord- 
ingly, has  not  had  as  his  problem  the  development  of  methods  of 
extraction  which  would  result  in  the  largest  percentage  of  ultimate 
recovery,  but  rather  the  development  of  methods  which  would  result 
in  the  lowest  cost  of  production.  In  many  cases,  however,  as  is 
shown  by  the  detailed  descriptions  given  later,  where  economic  con- 
ditions have  seemed  to  warrant  it,  methods  have  been  developed  by 


*Biub,  B.  F.,  and  Moonhead,  A.  J.,  "The  Condition  of  the  Bituminous  Coal  Indusirr.' 
Proc.  Amtt,  Kin.  Oon^..  p.  246,  1011. 
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American  engineers  and  coal  producers  which  have  given  a  percent- 
age of  recovery  equal  to  that  secured  in  any  European  country. 

The  fact  should  be  borne  in  mind,  when  comparisons  are  made 
between  mining  methods  in  different  countries,  that,  while  it  is  true 
that  the  percentage  of  extraction  is  less  in  this  country  than  in  most 
of  the  European  countries,  the  cost  of  coal  to  the  consumer  and  the 
profit  to  the  producer  are  also  less. 

The  subject  of  the  comparative  cost  of  production  of  coal  and 
of  the  comparative  profits  realized  in  Great  Britain  and  in  the 
United  States  was  taken  up  by  Bice*  substantially  as  follows:  the 
average  value  of  coal  in  the  United  States  on  cars  at  the  mine  in 
1913  is  reported  as  $1.18  per  short  ton  for  bituminous  coal  and  $2.13 
per  short  ton  for  anthracite.  In  Wales,  in  1913,  the  average  value 
per  short  ton  at  the  mines  for  all  kinds  of  coal  was  $2.55,  and  in 
Great  Britain  as  a  whole,  $2.21.  In  the  German  Empire  the  average 
value  for  all  kinds  was  $2.27,  and  for  Westphalia  it  was  $2.37  per 
short  ton.  Net  mining  profits  in  Great  Britain  and  in  Germany  are 
between  twenty-five  and  fifty  cents  per  ton,  while  profits  in  the  United 
States  for  bituminous  coal  are  probably  not  more  than  five  cents 
per  ton. 

It  id  a  matter  of  course  that  more  expensive  methods  of  mining 
cannot  be  adopted  without  increasing  the  cost  of  the  coal,  and  under 
the  conditions  which  have  prevailed  in  the  coal  industry  for  many 
years  there  could  be  no  material  increase  in  the  cost  of  coal  to  the 
producer  without  a  corresponding  increase  in  the  selling  price.  The 
prevailing  opinion,  however,  that  the  percentage  of  recovery  cannot 
be  greatly  increased  without  an  increase  in  the  cost  of  production  is 
questionable,  and  certainly  this  increase  in  cost  would  not  be  as 
great  as  is  generally  believed.  This  is  a  matter  which  can  be  con- 
clusively determined  only  by  actual  trial  of  new  methods  extending 
over  a  sufBcient  period  to  insure  the  reliability  of  the  results.  The 
fact  that  the  adoption  of  methods  which  result  in  an  increase  in  the 
percentage  of  extraction  has  been  possible  in  some  districts  with  little 
or  no  increase  in  cost  at  least  furnishes  a  reason  for  thinking  that 
similar  changes  could  be  made  in  other  districts  with  similar  results. 

Careful  planning  of  operations  over  long  periods  and  steady 
working  are  necessary  in  order  to  obtain  a  high  percentage  of  ex- 


*Rice.  G.  S..  "Mining  OosU  and  Sellinflr  Prices  of  Coal  in  the  United  States  and  Europe, 
with  Special  Reference  to  Export  Trade,"  Second  Pan-American  Scientific  Oonffress. 
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traction.  At  present  these  conditions  are  impossible  in  many  districts 
and  can  be  attained  only  by  centralized  control  of  production  and 
selling  pricey  which  will  provide  against  alternation  of  idle  and  rush 
periods  with  the  disorganization  which  accompanies  them.  Under 
existing  conditions  it  is  feared  by  operators  that  the  necessary  co- 
operation would  be  interpreted  and  attacked  as  a  violation  of  anti- 
trust laws.  In  some  of  the  European  countries  syndicates  working 
in  cooperation  with  the  governments  regulate  the  output  of  the 
mines  and  the  selling  price  of  coal  with  results  which  are  said  to  be 
highly  satisfactory  and  conducive  to  a  high  recovery.* 

One  of  the  chief  commercial  factors  affecting  the  choice  of  a 
method  has  been  the  cost  of  coal  in  the  ground.  This  has  generally 
been  very  low,  and  the  loss  of  coal,  therefore,  has  not  been  consid- 
ered a  serious  matter.  Even  at  the  present  time  the  value  of  coal 
rights  in  the  southern  Illinois  field,  where  the  No.  6  bed  is  worked, 
is  estimated  at  not  more  than  $100  to  $150  an  acre,  and  it  has  been 
only  a  very  short  time  since  such  coal  rights  could  be  purchased 
for  less  than  $50  an  acre.  The  thickness  of  this  coal  is  somewhat 
variable,  being  in  some  places  fourteen  feet  or  more,  but,  if  we 
assume  that  only  about  seven  feet  is  worked,  the  output  will  amount 
to  about  12,000  tons  per  acre  and  the  cost  of  coal  in  the  ground  will 
be  about  one  cent  per  ton.  A  great  deal  of  the  coal  in  the  state, 
however,  has  been  bought  at  a  very  much  lower  figure.  In  some 
cases  also  there  is  a  second  bed  of  coal  which  will  be  available  later, 
and  when  this  is  considered,  the  cost  of  coal  in  the  ground  will 
be  much  less  than  one  cent  per  ton. 

This  phase  of  the  subject  was  discussed  by  Rice,t  in  1909,  as 
follows : 

''The  influencing  conditions  causing  the  great  losses  that  are  at 
present  incurred  are: 

1.  Cheapness  of  'coal  in  place';  that  is,  in  the  seam. 

2.  Low  market  prices,  resulting  from  extreme  competition. 

3.  Character  of  the  seam,  roof,  and  floor  as  determining  the 
method  of  mining. 

4.  Surface  subsidence  due  to  mining. 

5.  Interlaced  boundary  ownerships. 

*S«liols,  Oad,  "The  Eeonomica  of  the  Ooel  Industir,"  Proc.  Amer.  Min.  Gong.,  p.  241, 

tBice,  qeorge  S..  '*Miiunf Wattes  and  Minings  CosU  in  Illinois,"  Trans.  Amer.  Inst. 
Mhi.  Bng.,  Vol.  40.  p.  81,  1909. 
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6.    Carelessness  in  mining  operations. 

The  first  two  factors,  taken  together,  are  the  controlling  ones  in 
most  mining  operations  in  influencing  the  choice  of  a  mining  system. 
The  majority  of  Illinois  operators  are  sufficiently  progressive  to  find 
ways  and  means  to  take  out  practically  all  the  coal  under  a  given 
area  if  it  could  be  made  evident  that  it  paid  to  do  so.  That  many 
do  not  do  all  that  can  be  done  in  this  direction  is  apparent;  but  if, 
without  unusual  investment,  a  profit  of  operation  could  be  shown 
in  taking  out  all  the  coal  over  the  profit  made  by  present  methods, 
the  industry  could  undoubtedly  find  men  to  accomplish  the  task. 
In  other  words,  from  an  engineering  standpoint  practically  all  the 
coal  under  a  given  area  can  be  taken  out.  It  is  a  question  of  cost. 
*' Cheapness  of  Coal  in  Place. — ^This  is  chiefly  due  to  the  great 
abundance  of  coal.  Except  in  the  barren  northern  one-fourth  of 
the  State,  lying  north  of  tiie  outcrop  of  the  coal-basin,  the  develop- 
ment of  a  tract  depends  primarily  not  on  the  possibility  of  flnding 
coal  in  that  particular  locality,  but  on  the  question  whether  it  is 
a  suitable  place,  from  a  market  standpoint,  to  open  a  mine,  the 
thickness  of  seam  and  the  quality  of  the  coal  being  considered. 

'*  The  price  of  coal  rights  varies  from  $10  per  superficial  acre  in 
the  middle  part  of  Illinois,  away  from  the  mining  centers  to  $100  per 
acre  near  developed  mines.  Or,  in  the  case  of  leasing,  from  2  cents 
per  ton  run-of-mine  hoisted,  in  the  southern  part  of  the  State,  to 
5  cents  in  the  northern  part.  The  cost  of  the  fee  is  relatively  so  much 
cheaper  per  ton  than  leasing  that  the  latter  system  is  not  much  used. 
The  ownership  of  the  coal  by  the  operator  is  conducive  to  better  min- 
ing, but  relative  to  other  items  that  go  to  make  up  the  total,  the  cost 
of  the  '  coal  in  place '  is  so  low  as  to  be  almost  negligible.  In  central 
IllinoiB,  in  some  cases,  at  a  cost  of  only  $10  per  acre,  two  workable 
seams,  from  6  to  8  ft.  thick,  are  obtained.  Allowing  only  50  per  cent 
yield  of  the  two  seams,  13,000  tons  would  be  produced  per  acre,  the 
purchase  cost  thus  being  1/13  of  a  cent  per  ton,  or  about  1/1000  of 
the  total  Cost  of  production  in  central  Illinois.  In  the  Wilmington 
long-wall  field  the  average  cost  of  the  coal  rights  is  about  $50  per  acre. 
The  seam  there,  although  it  averages  a  trifle  less  than  3  ft.  in  thick- 
ness, produces  about  5,000  tons  per  acre.  The  cost  is  therefore  about 
1  cent  per  ton  in  place,  which  is  1/130  of  the  total  cost  of  production. 
Hence,  it  may  be  seen  that  there  is  little  incentive,  from  the  stand- 
point of  the  purchase  price  of  the  coal,  to  save  the  latter  in  mining 
operations." 
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The  coBt  of  coal  rights  has  very  greatly  increased  since  Rice's 
discussion,  and  there  is  every  reason  to  believe  that  the  value  of 
coal  in  the  ground  will  be  much  greater  in  the  future  than  it  has  been 
in  the  past.  During  most  of  the  productive  period,  however,  the 
coal  in  the  ground  over  a  considerable  part  of  the  State  has  been 
worth  not  more  than  one-tenth  of  a  cent  per  ton,  and  under  these 
circumstances  the  loss  of  coal  has,  naturally,  not  been  considered  a 
serious  matter.  What  has  been  important,  and  still  is,  is  the  extrac- 
tion of  coal  at  low  cost,  and  the  subject  of  high  recovery  is  one  of 
increasing  importance  at  the  present  time. 

Every  ton  of  coal  left  in  the  ground  represents  the  loss  of  a 
possible  profit.  Every  ton  of  such  coal  represents  a  loss  in  increased 
value.  An  acre  of  coal  left  in  the  ground  at  any  time  means  the 
extraction  of  another  acre  at  some  later  time  when  the  value  of 
coal  in  the  ground  will  be  greater.  In  other  words,  producers  are 
now  extracting  coal,  worth  possibly  $150  an  acre,  which  might  be 
left  until  it  would  reach  even  a  greater  value  if  it  were  not  for 
the  fact  that  coal  was  wasted  in  the  ground  when  it  was  worth  only 
fifty  dollars  an  acre. 

A  low  percentage  of  extraction  increases  the  cost  of  production, 
because,  for  a  given  output,  the  workings  must  cover  a  larger  area. 
This  involves  longer  haulage  roads,  and,  consequently,  a  greater  in- 
vestment in  rails  and  trolley  wire,  greater  maintenance  expense,  greater 
consumption  of  power,  lower  output  per  unit  of  equipment,  and  lower 
output  per  man.  With  long  haulage  roads  there  is  greater  chance 
for  derangements  of  the  track  or  for  falls  of  roof,  which  may  cause 
the  stopping  of  haulage  until  the  trouble  is  removed  or  may  result 
in  wrecks  if  the  trouble  is  not  discovered  in  time.  Another  source 
of  danger  lies  in  the  greater  haulage  speed  which  must  be  employed 
on  long  roads  if  the  output  is  to  be  maintained. 

The  cost  of  ventilation  is  also  higher,  because  these  larger  work- 
ings require  a  larger  quantity  of  air  to  maintain  safe  conditions,  and 
more  power  is  required  to  circulate  air  through  the  longer  passages. 
There  is,  moreover,  a  greater  loss  of  power  because  of  the  more 
numerous  stoppings,  which  are  often  ineflScient. 

Another  difficulty  accompanying  the  spreading  of  the  workings 
over  a  large  area  is  that  of  providing  the  intensive  supervision  which 
is  highly  desirable  in  coal  mining,  particularly  where  skilled  work- 
men have  been  replaced  by  comparatively  unskilled  laborers,  and 
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the  pick  has  been  replaced  by  explosives  and  mining  maohines.  Unless 
the  cost  of  operation  is  to  be  increased  by  the  employment  of  a  larger 
number  of  foremen  or  face  bosses,  this  intensive  sapervision  can  be 
obtained  only  by  concentration  of  the  workings. 

6.  Subsidence. — One  reason  for  the  nse  of  methods  involving 
low  extraction  is  the  desire  to  maintain  the  original  surface  of  the 
ground.    Rice*  discussed  surface  subsidence  as  follows: 

"  The  hifluence  of  this  factor  upon  the  yield  results  from  the  hi^  vidue 
of  Illinois  lands  for  agricultural  purposes.  ...  If  the  long-wall  system  were 
applied  to  the  thick  seams,  when  applicable  at  all,  it  would  cause  a  considerable 
derangement  of  the  surface,  and  when  the  latter  is  so  nearlj  level  as  the  prairie- 
land  of  Central  lUinois,  it  makes  the  question  of  subsidence  a  serious  one.  .  «  . 
However,  until  the  agricultural  land  in  the  United  States  becomes  insufficient 
to  fill  the  needs  of  the  population,  which  would  be  reflected  in  a  continual  in- 
crease of  price  for  farming  land,  the  monej-loss  from  temporarUj  destroying  the 
surface  in  places  is  relativelj  small,  as  compared  with  the  selling  price  of  the 
coal  mined  from  the  seam.  Taking  the  average  value  of  the  surface  at  $125  per 
acre,  if  80  per  cent  be  rendered  worthless  the  immediate  mon^-loss  would  be 
$100  per  acre.  A  seam  6  ft.  thick  would  contain  per  acre  11,000  tons  of  coal  in 
place,  yielding,  at  90  per  cent,  9,900  tons.  The  damage  done  by  practically  de- 
stroying the  surface  would  be  only  1  cent  per  ton.  If  the  land-prices  should  rise 
to  an  amount  two  or  three  times  as  great  as  the  value  stated,  this  loss  would  still 
not  prohibit  mining." 

As  far  as  the  long-wall  district  is  concerned,  very  little  if  any 
damage  has  resulted  from  subsidence,  and  little  attention  has  been 
given  to  the  subject.  The  most  noticeable  effects  are  generally  tem- 
porary, and  farm  operations  are  not  hindered. 

The  subject  of  the  relation  of  surface  values  to  subsidence  in 
Illinois  has  been  considered  by  L.  E.  Young  in  Bulletin  17  of  this 
serie6.t  Fig.  1  is  a  map  reproduced  from  this  bulletin,  on  which 
the  approximate  values  of  farm  lands  are  shown.  Table  4,  page  28, 
shows  the  relation  between  coal  values  and  surface  values.  The 
land  values  indicated  on  the  map  and  set  forth  in  the  table  suggest 
that  it  might  be  possible,  at  least  in  many  cases,  to  mine  coal  at  a 
small  profit  even  if  the  value  of  the  surface  were  totally  destroyed. 
There  is  no  need,  however,  for  assuming  the  permanent  destruction 
of  the  surface  or  even  its  serious  permanent  injury.  G^erally  any 
damage  resulting  from  subsidence  could  be  largely  or  wholly  re- 


*Bice,  Op.  cit.,  p.  40. 
p.  sV^m'i  ^''^  ^"  "^"'''**  SnUidwoe  ia  nilnoU."  IB.  Co»J  Mln.  Invert..  BuUeUn  17, 
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paired,  especially  if  it  were  accepted  that  mining  is  certain  to  result 
in  subsidence  and  operations  were  so  planned  as  to  reduce  the  sur- 
face damage  and  the  cost  of  restoration  to  the  lowest  possible  amount. 

When  the  coal  producer  owns  nothing  but  the  coal  rights,  unrea- 
sonable damages  for  surface  subsidence  are  sometimes  imposed.  The 
measure  of  the  damages  is  not  always  merely  the  decreased  produc- 
tive value  of  the  land,  nor  the  cost  of  restoring  it  to  its  former  con- 
dition by  artificial  drainage;  the  formation  of  a  small  pond  has 
often  been  claimed  to  lower  the  market  value  of  a  farm  to  a  consid- 
erable extent,  simply  because  it  made  the  farm  less  sightly.  Under 
these  circumstances,  operators  naturally  desire  to  avoid  disturbing 
the  surface  for  they  know  that  an  attempt  will  be  made  to  recover 
damages  and  that,  even  if  they  escape  the  payment  of  exorbitant 
amounts,  they  will  incur  considerable  expense  in  defending  the 
suits.  An  effort,  accordingly,  is  often  made  to  conduct  the  mining 
operations  in  a  manner  which  will  not  result  in  surface  subsidence. 
The  result  is  that  the  loss  in  the  ground  represents  an  important 
percentage  of  the  coal,  in  many  cases  more  than  half  that  contained 
in  the  area  worked. 

It  is  very  important  that  the  allowable  damages  for  surface  sub- 
sidence be  regulated  by  some  law.  This  law  should  fix  the  damage 
payable  by  the  coal  producer,  in  case  he  is  legally  responsible,  upon 
the  basis  of  the  actual  damage  done  to  the  surface.  Under  such  a 
law  the  operators  would  know  the  extent  and  character  of  their 
responsibility  and  could,  without  fear  of  excessive  or  unreasonable 
damages,  proceed  according  to  methods  which  would  yield  the  highest 
possible  percentage  of  extraction  justifiable  under  such  conditions. 

7.  Squeezes, — Closely  related  to,  but  not  identical  with,  the 
subject  of  surface  subsidence  is  that  of  squeezes.  There  may  be 
subsidence  without  a  squeeze,  but  with  the  conditions  in  Illinois 
a  squeeze  is  usually  followed  by  subsidence.  The  removal  of  a  por- 
tion of  a  deposit  throws  additional  weight  upon  the  pillars  left  and 
if  these  pillars  are  not  strong  enough  to  support  this  additional 
weight,  they  will  crack  and  crush,  causing  a  movement  of  the  over- 
lying material.  This  movement  is  called  a  *'  squeeze,"  or  sometimes 
a  **  creep.'*  Large  quantities  of  coal  are  often  left  in  the  mine  in 
the  form  of  pillars  in  an  effort  to  prevent  a  squeeze,  which  may  not 
only  interfere  with  the  operation  of  the  mine  and  entail  a  loss  of 
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the  coal  in  the  squeezed  area,  but  large  areas  of  the  mine  may 
become  inaccessible  for  future  economical  working.  A  more  nearly 
complete  extraction  of  the  coal  properly  carried  out  should,  however, 
result  in  less  damage  from  squeezes. 

There  are  two  ways  in  which  a  squeeze  may  be  prevented  or 
stopped ;  first,  by  the  use  of  a  support  strong  enough  to  prevent  any 
movement  of  the  overlying  rock,  and  secondly,  by  a  fracture  of  the 
rock  above  the  excavated  portion  so  that  the  weight  on  the  pillars 
will  not  be  sufficient  to  crush  them. 

The  first  method  may  be  employed  by  either  leaving  natural 
supports  (coal  pillars)  of  sufficient  size  and  strength  to  hold  the 
roof  without  any  movement,  or  by  the  use  of  artificial  supports, 
such  as  timber  or  iron  columns,  or  sand  or  culm  filling.  The  cost  of 
timber  or  iron  would  prohibit  their  use  if  a  large  percentage  of 
coal  was  to  be  extracted.  Filling  is  not  generally  non-compressible, 
but  it  occupies  most  of  the  space  from  which  coal  has  been  removed, 
prevents  any  scaling  off  of  pillars,  and  eliminates  any  possibility  of 
movement  of  pillars.  The  filling  method,  however,  is  hardly  to  be 
considered  feasible  in  Illinois  because  of  the  cost.  In  the  Upper 
Silesian  coal  field  Where  this  method  is  most  extensively  used,  the 
cost  is  from  twelve  to  eighteen  cents  per  ton.* 

Another  difficulty  arises  from  the  fact  that  the  material  would 
have  to  be  fiushed  into  the  mine  with  water,  and  then  the  water 
would  have  to  be  pumped  out.  This  water  would  probably  have  an 
injurious  effect  on  the  clay  bottom.  The  material,  moreover,  would 
have  to  be  brought  from  a  distance  unless  the  value  of  the  land 
should  be  so  small  as  to  permit  the  use  of  material  from  the  neigh- 
boring surface,  and  this  condition  would  rarely  prevail  in  Illinois. 

In  the  leaving  of  coal  pillars  of  sufficient  strength  to  prevent  roof 
movement,  the  amount  of  coal  which  must  be  left  varies  with  local 
conditions.  It  is  difficult,  if  not  impossible,  to  determine  this  factor 
in  advance,  and  in  attempting  to  approach  as  closely  as  possible 
the  limit  of  safety,  it  often  occurs  that  too  much  coal  is  removed. 
Even  if  the  limit  is  not  passed  so  far  as  immediate  movement  is 
concerned,  it  may  be  passed  with  reference  to  ultimate  movement 
and  the  crushing  of  the  pillars. 

Apparently,  so  far  as  a  large  part  of  the  State  of  Illinois  is  con- 


*GiinMhMiL  Berant  Oonmd,  "The  Working  of  the  Thick  Ooal  Seams  in  Upper  Sileeim," 
THni.  Inn.  Min.  Kngn.  Vol.  42,  p.  209,  1911. 
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cemed,  it  is  necessary  to  leave  in  the  ground  about  one-half  of  the 
area  of  the  coal  if  movement  of  the  overlying  beds  is  to  be  pre- 
vented. 

The  desirable  dimensions  of  the  rooms  and  the  pillars  vary  widely 
from  wide  pillars  between  wide  rooms  to  narrow  pillars  between 
narrow  rooms.  One  company  had  squeezes  when  it  drove  25-foot 
rooms  on  50-foot  centers,  but  it  has  had  no  trouble  with  30-foot 
rooms  with  60-foot  centers.  This  is  a  question  not  simply  of  the 
crushing  strength  of  the  coal  nor  of  the  ability  of  the  bottom  to 
withstand  pressure,  but  of  the  effect  on  the  pillars  of  scaling  at 
the  sides.  In  other  words,  the  strength  of  the  piUar  is  not  deter- 
mined merely  by  its  original  size  but  by  its  effective  size  after  the 
scaling  action,  which  may  follow  the  extraction  of  the  room  coal, 
has  occurred.  This  scaling  action  is  increased  by  the  shattering 
effect  of  explosives. 

The  use  of  coal  in  the  ground  to  prevent  squeezes  and  sub- 
sidence, which  is  what  abandoning  of  pillar  coal  amounts  to,  ought 
to  be  considered  only  as  a  last  resort.  It  has  been  found  that 
squeezes  can  be  prevented  by  the  removal  of  so  little  coal  on  the 
advance  as  to  leave  a  solid  support,  and  by  the  complete  removal 
on  the  retreat  so  that  the  roof  is  left  entirely  without  support. 
This  process  prevents  the  gradual  settling  which  occurs  when  some 
support  is  left  and  produces  a  sharp  bending,  or  localization  of 
stress,  sufficient  to  cause  a  rupture  of  the  overlying  rock  and 
prevent  the  transference  of  weight  from  the  mined-out  area  to 
the  standing  coal.  This  is  the  only  certain  method  which  has  been 
found  for  the  prevention  of  squeezes  unless  an  absurdly  large  quan- 
tity of  coal  is  abandoned.  The  means  by  which  squeezes  may  be 
prevented  vary  under  different  conditions,  but  the  essential  consider- 
ation is  that  the  roof  of  the  mined-out  area  shall  be  left  absolutely 
without  support  either  from  coal  or  from  timber,  so  that  it  must 
falL 
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Table  V 
DnfBNSioNS  OF  Rooms  and  of  Room  Pillabs  and  Pebcbntaok  or 

Extraction 


LOCAUTT   AND  COAL  SbaM 

Width  of 

Room 

Feet 

Width  of 

Room 

Pillara 

Feet 

Percent 

of  Coal 

Left  in 

First 

Workinc 

Total 

Percent 

of  Coal 

Recovered 

AlabAma: 

NowoMtle  iWAin     

26 
20 
26 
26 
26 

18>30. 
umially  24 

20-26 

30 
30 

18-30, 

usuaUy24 

21-30 

12-16 

12 
12 

21-24 
21-24 

18-24 

18 

12 

18 

30 

24 

18-21 

21 

28 

18 

18 

26 

10-20 

10-20 

26 

26 

26 

12 

20-26 

16-20 

30 

10-12 

»-16 

40-100 

42 
84 

12-18 
16 

18HW) 

32 

48 

22 

16 

26 

42 

20 

12-20 

26 

40 
30 
36 
30 
36 

30 

60 

60 
60 
30 

36 

75 

60 
80 
40 
40-50 

40-60 

64 

80 

36 

34 

60 

67 

57 

40 

68 

60" 

86 

Thin  >t»m ....,,,,,  ^ 

90 

BhieCnek 

86 

Bloeton 

80 

Flat  Top 

86 

ArkMuas: 
RfthaotiAn  Oonntv 

70 

Colorado: 

5O-80 

Illinoia: 

60 

60 

Indian  Territory 

70 

Iowa 

90 

Maryland: 
Q«orcM  Cn»k 

90 

Pennflyirania: 
ConneilsTille 

96 

Conndlarille 

90 

Pittd>urgh. 

86-4»5 

Charfiflid  .                                  

80-45 

Fnirmoni ...... 

r?Lftr^*^nr£^  Pitijihiiifg  iwi|i,iTi         ,.,,.,        ........ 

96 
90 

Minw^l  f^ounly  Pitt#^i)rj  H4ni                   ........ 

96   T) 

Futii&m  Counlyn  Pittsburg  Kftm 

New  llJv«Tf  Kewtll-NiittaMaciLiT]  . . .  ,    ., 

ThAdfevTi  (TtackcT)  Low^r  Kittunnini  seam 

f  Jtfitft,   l.n.T»HT   K  i  t.^^n  ffi  n  jf  hr^^ti                                

60-80 
80 

Kanairfaa  ( No.  2  OaA^ .  Low^r  KittanniDg  UAm 

PocahonUu,  Double  Ki^try^  No  3  FoctLtioptaaMam. 
Pocahontas.  PaneL  .SyBtem,  No.  3  PocahoQlaa  Mam. 
EiUmth*  8ewcU-N  uttfrU  m&m  .  . 

80  * 
952 
90 

iH.  H.  Stoek,  Minea  and  Minerals, 
Teohnolosy,  VoL  160,  par.  40,  p.  60. 

SEetimated. 


Vol.  26,  p.    107,  1905,   and  International   Library   of 


The  widths  of  rooms  and  room-pillars  given  in  Table  1  show 
that  there  were  few  cases  in  which  plans  were  made  for  the  extrac- 
tion of  more  coal  from  pillars  than  from  the  advance  workings. 
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Valxtbs^  of  Surface  and  of  Coal  Rights  by  Cottmtiss  in  Illinois 


Ckmnty 

Value  of  Coal 
per  Acre 

Number  of 
Coal  Bed 

Average  Surfaee 

Value.  Cenm  of 

1910 

Bond 

$  25 
10-100 
10-  60 
36-100 
16-100 
20-25 
10-  26 
135 

25-  76 
10-100 
10-  60 
20-  60 
15-  60 
10-40 
20 
15 
15 

25-  30 

26-  60 
20-  30 
20-60 
26 

15 
26 

10-100 
50-160 
20-100 
10-  40 
10-  25 
100-160 
16 
15 

50-160 
15 

6 

2 

6 

6 

5 

6 

2 

6 

2.6 

2.6 

6 

6 

6 

6 

6 

2 

6 

6 

6 

6 

5 

6 

2 

6 

6 

6 

... 

6.5 

6.7 

1.2 

2 

6 

2 

$  45.43 

Bunau 

114.53 

Chrijrtian 

123.63 

Franklin   

38.48 

Fulton 

88.18 

48.60 

Qrundy 

76.62 

Honry 

112.03 

Jackson 

81.27 

LaSaUe 

142.92 

Livingfton r 

161.76 

Logan  

156.49 

Macouoin 

69.74 

mJS?!^ 

70.53 

Marion 

39.45 

^^rihall   ,  ,      

123.92 

Mfll/ftftn 

171.85 

Menard 

122.04 

Montoomory 

73.49 

Morgan 

124.28 

j>aki%r^^ 

107.67 

30.62 

Putnam 

104.69 

36.11 

St.  awr 

81.57 

fhhiw 

39.88 

138.80 

83.21 

ShtAby 

88.72 

VwmOion 

138.86 

Warren 

129.80 

Will 

104.08 

WiliiKinfon 

30.61 

Woodford 

164.27 

1  Young.  Lewis  E.,  "Surface  Subsidence  in  Illinois.*'  111.  Coal  Min.  Invest..  Bulletin  17.  p.  55, 
1916. 

a  These  prices  are  not  offered  as  an  authoritative  basis  for  valuation  but  indicate  in  a  general 
manner  the  prices  at  which  coal  has  been  sold  or  at  which  it  is  held  in  some  of  the  important  countiea 
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CHAPTER  n 

Extraction  in  Illinois 

8.  Plan  for  Division  of  State  into  Districts. — ^At  the  beginning 
of  the  work  of  the  Cooperative  Coal  Mining  Investigations,  the 
State  was  divided  into  districts  in  order  that  those  beds  which  are 
similar  in  general  conditions  might  be  studied  and  considered  to- 
gether. This  subdivision  into  districts  is  shown  by  Fig.  2,  and 
the  districts  are  described  in  Table  5. 

Table  5 

Districts  into  wmcH  the  State  has  been  Divided  for  the  Purposes 

OF  Investigation 


IdvmU- 
gfttions. 
District 


CfMaSeam 


Method  of  Mininc 


Countiet 


InvMti- 

tttions 

Numbers 

for  Mines 

Ezamined 


II 
III 


IV 


V 
VI 

VII 


VIII 


2 
laiid2 


6  (east  of  Duquoin 
Anticline) 

d  (west  of  Duqouin 
Anticline) 


0And7 
(DAnville) 


Long-wmll 

Room-And-pillAr 
Room-And-pillAr 


Room-and-pilUr 

Room-Aod-pilUr 
Room-Aod-pilUr 

Room-and-pilUr 
Room-and-pillar 


Bureau.  Grundy.  La  Salle,  Marshall, 
Putnam,  Will,  Woodford 

Jackson 

Brown,  Calhoun,  Cass,  Fulton, 
Greene,  Hancock,  Henry,  Jersey, 
Knoz.  MoDonoush,  Mercer,  Mor- 
nnt  Rock  Island,  Schuyler,  Scott, 
Warren 

Cass,  DeWitt,  Fulton^  Knox,  Logan, 
Macon,  Mason,  McLean,  Menard, 
Peoria,  Sangamon,  Schuyler,  Taae- 
weU,  WoodfOTd 

Gallatin,  Saline 

Fhmklin,  Jackson,  Perry,  William- 
son  

Bond.  Christian,  Clinton,  Ma- 
coupin, Madison,  Marion,  Mont- 
gomery, Moultrie,  Perry,  Randolph, 
Sangamon,  Shelby,  St.  Clair,  Wash- 
ington  

Ekigar,  Vermilion 


Itoll 
12  to  16 


17  to  24 


25  to  42 
43  to  49 

50  to  65 


66  to  90 
91  to  97 


In  the  present  publication  the  conditions  prevailing  and  the 
methods  followed  in  the  various  districts  are  described,  and  the 
extent  to  which  these  affect  the  percentage  of  recovery  is  discussed. 
Material  and  information  has  been  gathered  at  various  times,  and 
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Fig.  2.    Map  of  Districts  of  Cooperative  Coal  Mining  Investiqations 
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some  of  it,  especially  that  relating  to  physical  conditions  and  nsual 
methods  of  operation,  has  been  published  in  previous  bulletins  of 
this  series.    These  facts  are  summarized  in  Bulletin  13.* 

9.  Conditions  Affecting  Extraction. — Since  there  is  an  immense 
quantity  of  coal  underlying  the  state  and  only  a  comparatively  small 
portion  has  been  extracted,  it  is  perhaps  natural  that  little  serious 
attention  has  been  given  to  the  subject  of  high  recovery.  Those  con- 
trolling production  have  been  concerned  principally  with  other 
phases  of  the  subject,  not  because  they  have  been  indifferent  to  the 
highest  possible  utilization  of  resources,  but  because  they  have  believed 
that  the  methods  in  use  were  giving  the  lowest  possible  cost  of  pro- 
duction; and  low  cost  of  production  has  been  regarded  as  a  neces- 
sity for  the  development  of  the  Illinois  fields  in  competition  with 
other  coal  fields. 

Table  3,  rearranged  from  Bulletin  13,  gives  the  dimensions  of 
the  workings  and  the  estimates  of  recovery  for  the  mines  examined 
by  the  C!ooperative  Coal  Mining  Investigations. 

The  values  for  the  percentage  of  extraction  given  in  the  last 
column  of  Table  3  are,  in  most  cases,  founded  upon  estimates  fur- 
nished by  the  operators.  In  many  instances  subsequent  investi- 
gation has  shown  that  these  values  are  not  correct  There  are  only 
a  few  mines  in  the  state  from  which  it  has  been  i>ossible  to  obtain 
accurate  data  on  recovery  because  of  the  lack  of  information  on 
which  such  data  could  be  based.  Generally,  it  has  been  found  that 
persons  estimating  the  percentage  of  recovery  have  been  inclined 
to  use  values  too  high  and  have  failed  to  take  into  account  some  of 
the  sources  of  loss.  Later  figures  on  extraction,  the  most  trust- 
worthy it  has  been  possible  to  obtain,  will  be  found  in  the  descrip- 
tions of  the  districts. 

10.  District  I. — ^The  No.  2  bed  varies  in  thickness  from  two  feet, 
eight  inches  to  four  feet,  the  average  thickness  being  about  three 
feet,  two  inches.  On  the  east  side  of  the  LaSalle  anticline  the  thick- 
ness of  cover  ranges  from  40  to  200  feet;  on  the  west  side  the  bed 
lies  at  a  depth  of  350  to  550  feet.  In  the  eastern,  or  Wilmington, 
section  the  roof  is  a  smooth  gray  shale,  though  sandstone  is  found 
in  some  places.    In  the  western  or  LaSalle  field  the  roof  is  a  gray 
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shale.  In  the  Wilmington  field  the  floor  is  a  dark  gray  fire  clay 
varying  in  thickness  from  a  few  inches  to  several  feet.  When  this 
clay  is  wet,  it  heaves  badly  under  pressure.  In  the  LaSalle  field 
the  fioor  is  fire  clay,  but  a  hard  sandstone  is  sometimes  found  im- 
mediately beneath  the  coal.* 

Nearly  all  the  coal  produced  in  this  district  is  mined  by  the 
long-wall  method,  and  this  method,  of  course,  gives  the  highest 
possible  percentage  of  recovery.  G.  S.  Rice  says  that  at  one  mine 
in  which  a  record  was  kept  for  six  years  the  loss  of  coal  from  all 
causes  was  five  per  cent.t 

11.  District  II. — ^The  No.  2  seam  is  found  under  shallow  cover 
ranging  from  25  to  160  feet.  In  most  places  the  floor  is  sandstone, 
but  shale  or  clay  is  occasionally  found.  In  places  a  wet  and  fluid 
sand  is  found  about  thirty  feet  below  the  surface,  and  it  has  a  marked 
effect  upon  surface  subsidence,  causing  the  formation  of  rather 
deep  pits  instead  of  gentle  sags.  The  bed  is  divided  into  two  benches 
by  a  shale  parting,  varying  in  thickness  from  one-eighth  inch  to 
thirty-six  feet.  The  bottom  bench  varies  in  thickness  from  3^ 
to  4  feet,  and  the  top  bench  has  an  average  thickness  of  two  feet. 
Where  the  parting  between  the  benches  is  less  than  four  inches  thick, 
the  two  benches  of  the  seam  are  worked  as  one  and  the  working 
faces  in  rooms  and  entries  are  from  six  to  seven  feet  high.  Where 
the  parting  is  more  than  four  inches  thick,  only  the  lower  bench 
is  mined  and  the  parting  becomes  the  mine  roof.  When  both  benches 
are  worked  and  the  bed  is  more  than  six  feet  thick,  only  the  lower 
six  feet  of  coal  are  mined,  eight  to  twelve  inches  of  top  coal  being  left; 
but  if  the  coal  is  not  more  than  six  feet  thick  the  full  thickness  of 
the  bed  is  mined,  and  the  gray  shale  overlying  the  coal  becomes 
the  roof. 

With  one  exception,  the  mines  examined  are  operated  by  the 
unmodified  room-and-pillar  method.  Operations  are  carried  on  with- 
out close  adherence  to  the  projected  sizes  of  rooms  and  pillars.  The 
result  of  this  practice  is  a  rather  high  percentage  of  extraction,  as 
pillars  are  gouged  to  a  considerable  extent,  t    At  one  mine  in  this 


*Aiidrot,  8.  O..  "Coal  Mininff  Pnctioe  in  District  I,"  m.  Coal  Min.  I&TWt..  BoL  6. 
p.  )0,  1014. 
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district  which  is  operated  on  the  panel  system  and  in  which  a  serions 
attempt  is  made  to  remove  pillars  as  far  as  possible,  the  percentage 
of  extraction  is  probably  higher  than  at  any  other  mine  in  southern 
Illinois.  At  this  mine  the  shaft  is  115  feet  deep.  There  are  triple 
main  and  cross  entries,  each  ten  feet  wide,  with  20-foot  entry  pillars. 
Barrier  pillars  on  main  and  cross  entries  are  twenty  feet  wide.  Booms 
are  twenty  feet  wide  with  10-foot  pillars.  All  cross-cuts  are  .eight 
feet  wide.  Although  there  are  no  exact  figures  on  the  percentage 
of  recovery,  it  is  evident  from  the  dimensions  of  the  workings  that 
about  two-thirds  of  the  coal  is  extracted  in  the  first  working.  Since 
by  slabbing  pillars,  forty  to  fifty  per  cent  of  the  pillar  coal  is  also 
obtained,  the  final  recovery  probably  amounts  to  about  eighty  per 
cent.  The  rooms  are  widened  about  thirty  feet  before  the  end  is 
reached,  little  or  no  pillar  coal  is  left  beyond  this  point,  and  as 
much  of  the  remainder  of  the  pillars  as  possible  is  taken  out  by 
slabbing. 

The  possibility  of  extracting  a  large  amount  of  pillar  coal  depends 
upon  the  character  of  the  top  which  may  be  allowed  to  fall  without 
serious  consequences,  because  the  shale  and  sand  overlying  the  coal 
seal  the  opening  so  that  the  influx  of  water  is  not  seriously  increased 
by  a  break.  When  the  top  falls,  the  necks  of  the  rooms  are  boarded 
up  and  the  water  is  handled  by  a  pump. 

12.  District  ///.—The  No.  1  and  No.  2  beds  are  worked.  The 
cover  overlying  the  coal  is  thin.  The  topography  of  the  surface  in 
many  places  is  rolling,  with  hills  about  150  feet  high  near  Mather- 
ville.  Bed  No.  2  lies  at  depths  of  seven  feet  to  one  hundred  feet 
with  an  average  cover  of  fifty-five  feet.  Bed  No.  1  averages  four 
feet  in  thickness  and  is  broken  in  places  by  small  faults,  slips,  clay 
veins,  and  rolls.  A  poorly  developed  parting  divides  the  bed  into 
two  benches,  the  upper  of  which  is  in  most  places  about  two  feet 
thick. 

The  immediate  roof  in  the  northwestern  part  of  the  district  is 
of  hard  black  shale  which  is  easy  to  support.  In  the  southern  part 
a  bituminous  calcareous  shale,  two  to  five  inches  thick,  lies  in  places 
immediately  over  the  coal.  This  shale,  called  dod,  is  hard  when  first 
exposed  to  the  air  but  after  exposure  softens  and  falls.  Throughout 
the  district  the  cap  rock  is  limestone.  In  limited  areas  where  the 
shale  is  missing,  this  limestone  forms  the  immediate  roof.     Above 
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the  cap  rock  occurs  a  dense,  fine-grained,  non-crystalline  limestone 
locally  called  **  blue  rock." 

Below  bed  No.  1  there  occurs  in  places  an  irregular  band  of  hard 
bone,  three  to  six  inches  thick.  The  floor  proper  is  of  light  gray 
micaceous  fire  clay  which  contains  plant  stems  and  roots.  This  clay 
heaves  badly  when  wet  and  sometimes  swells  enough  to  fill  the  entry. 
In  parts  of  some  mines  a  carbonaceous  shale  lies  between  the  fire  clay 
floor  and  the  coal;  sometimes  this  shale  is  supplanted  by  sandstone. 
These  casual  deposits  are  called  **  false  bottoms.'' 

Bed  No.  2  varies  in  thickness  from  1  foot,  10  inches  to  4 
feet,  and  averages  2  feet,  6  inches.  The  bed  has  a  slight  dip  to 
the  east.  A  band  of  mother  coal  and  iron  pyrites  persists  throughout 
the  bed.  This  occurs  about  fourteen  inches  from  the  roof.  The 
immediate  roof  is  of  smooth  and  regular  calcareous  shale,  known 
locally  as  soapstone.  The  floor  is  of  soft  gray  fire  clay  which  con- 
tains nodular  concretions  of  iron  pyrites  called  sulphur  balls.  The 
coal  in  this  district  lies  near  the  surface,  but  at  no  point  is  the  over- 
burden stripped. 

Except  at  two  mines,  the  mining  system  is  the  simplest  form  of 
double-entry  room-and-pillar.  Table  3  shows  the  dimensions  of  work- 
ings in  the  mines  examined.  The  coal  is  gained  during  the  first 
working  with  a  waste  of  pillar  coal  amounting  to  about  45  per  cent  of 
the  bed.  At  the  two  exceptions  75  per  cent  of  the  pillar  coal  is  recov- 
ered on  the  retreat,  a  large  percentage  for  Illinois  room-and-pillar 
mines. 

A  main  entry  and  a  parallel  air-course,  each  six  feet  high  and 
eight  feet  wide,  are  driven  from  each  side  of  the  shaft  toward  the 
boundaries.  At  right  angles  to  these  main  entries,  pairs  of  cross 
entries  are  driven  every  500  feet.  On  the  cross  entries,  after  leaving 
a  barrier  pillar  of  50  feet,  rooms  are  turned  on  45-foot  centers.  Boom 
necks  are  7  feet  long  and  8  feet  wide,  and  are  widened  to  the 
left  at  angles  of  about  45  degrees;  thus  they  reach  the  full 
room  width  of  26  feet  at  distance  of  14  feet  from  the  beginning  of  the 
widening.  After  the  first  room  on  each  entry  has  been  holed  through, 
the  room-pillar  cross-cuts  are  closed  by  gob  stoppings,  and  the  line  of 
No.  1  rooms  is  kept  open ;  thus  two  additional  air-courses  are  provided. 

After  the  entry  has  been  driven  to  the  limit  and  the  rooms  on 
it  have  been  worked  out,  the  last  pillar  on  the  entry  is  drawn;  then 
the  other  room  pillars  are  drawn  until  the  pillar  between  rooms 
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3  and  4  is  reached.  The  room  pillars  between  the  main  entry  and 
room  4  are  left  to  protect  the  main  entry  and  air-course.  The  method 
of  drawing  pillars  is  illustrated  in  Fig.  3.    When  the  room  is  driven 


(o)  (b)  (c)  (ct) 

Fio.  3.    Pillar  Drawing  at  MATHSRViiiLE,  Illinois 

up  to  its  full  length,  a  12-foot  cut  is  made  across  the  end  of  the 
pillar  (a),  a  5-foot  slab  about  8  feet  long  is  shot  from  the 
side  of  the  pillar,  a  4-foot  slab  is  shot  from  the  end  (b),  and  the 
end  of  the  pillar  is  squared  up  by  shooting  off  another  4-foot  slab  (c). 
Beginning  again  at  (d),  the  process  is  repeated. 

The  hard  roof  is  easy  to  support  and  often  stands  while  25  to  200 
feet  of  pillars  are  being  drawn.  When  the  weight  of  the  roof 
becomes  too  heavy,  the  roof  breaks  at  the  pillar  ends.  The  cracking 
of  the  props  gives  ample  warning  of  the  break,  and  work  is  discontin- 
ued until  the  roof  falls.  The  interval  between  the  first  heavy  cracking 
of  props  and  the  breaking  of  the  roof  is  usually  not  more  than  twelve 
hours. 

A  break  line  of  about  twenty-five  degrees  with  the  face  of  the 
rooms  is  roughly  maintained.  When  roof  falls  prevent  access  to 
the  squared-up  pillar  ends,  a  12-foot  cut  is  again  made  completely 
through  the  pillar,  as  at  the  face  of  the  room  when  drawing  began, 
and  with  this  new  pillar  end  the  procedure  continues ;  consequently, 
very  little  pillar  coal  is  lost.     Carl  Scholz,  President  of  the  Coal 
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Valley  Mining  Company,  states  that  at  mine  No.  3  at  Matherville 
the  loss  of  pillar  coal  does  not  exceed  four  per  cent. 

At  the  No.  3  mine  of  the  Coal  Valley  Mining  Company,  the 
cost  of  producing  coal  is  much  less  on  pillars  than  on  advance  work 
in  rooms.  Room  coal  costs  on  the  average  $1.25  per  ton  at  the  pit 
mouthy  and  pillar  coal  costs  $1,015.  This  difference  in  cost  exists 
because  track,  yardage,  bottom  digging,  and  driving  through  rolls 
and  slips  are  properly  charged  against  room  coal,  while  there  are 
no  such  charges  against  pillar  coal.  When' pillars  are  drawn,  there- 
fore, the  average  cost  per  ton  for  the  total  production  is  materially 
reduced.  At  this  mine  rooms  are  worked  with  one  man  at  the  face, 
but  two  men  are  placed  at  each  pillar  and  at  the  face  of  each  entry. 
Only  one  man  has  been  injured  in  connection  with  the  pillar  drawing. 

With  the  extraction  of  such  a  large  percentage  of  the  bed  sur- 
face subsidence  is  to  be  expected.  The  topography  of  the  surface 
is  rolling,  and  subsidence  is  usually  indicated  by  cracks  in  the  hill- 
sides. The  largest  single  area  affected  was  reported  to  be  one  acre 
which  subsided  from  6  to  12  inches.* 

13.  District  IV.— In  District  IV  the  No.  5  coal  is  mined.  The 
average  thickness  of  this  coal  is  4  feet,  8  inches  according  to  data 
taken  at  240  mines  and  given  in  the  Thirty-first  Annual  Coal 
Report  of  Illinois.  The  No.  5  bed  outcrops  in  Peoria,  Fulton,  and 
Knox  Counties,  but  is  found  at  greater  depths  toward  the  east.  It 
lies  from  300  to  600  feet  below  the  surface  in  Macon  County,  400  feet 
in  McLean,  and  from  260  to  300  feet  in  Logan. 

The  roof  is  of  black  sheety  shale  varying  in  thickness  from  a 
few  inches  to  35  feet  and  containing  occasionally  ''niggerheads*' 
of  pyrite.  In  many  mines  there  is,  in  places,  a  layer  of  pyrite 
two  or  three  inches  thick  between  the  coal  and  ther  shale.  Where 
this  layer  is  present,  the  shale  is  protected  from  the  air  and  stays 
up ;  where  it  is  not  present,  the  shale  falls  badly  and  sometimes  caves 
to  a  height  of  35  feet.  A  limestone  occurs  above  the  shale  in  most 
mines,  though  in  a  few  places  a  fine  grained  micaceous  sandstone  is 
found.  In  some  cases  the  shale  is  absent,  and  the  cap  rock  becomes 
the  roof. 

A  great  many  clay  veins  extend  through  the  coal  and  the  roof 
shale;  there  are  also  small  faults,  slips,  and  rolls,  and  places  where 


♦  Andpo*.  8.  p.,  "Coal  Mininc  Pfftotioe  in  pijtoiel  in  "  M.  Ooia  MIb.  laveH..  B«t  », 
pp.  11  et  MQ.,  1016;  "Oort  Hinfaff  in  niinoii,"  ni.  Ooia  Mia.  Itnm^  B«L  It.  liu. 
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the  coal  has  been  eroded  and  the  space  has  been  filled  with  drift  It 
is  difficult,  therefore,  to  calculate  the  total  tonnage  and  to  project 
any  plan  of  operation.  In  many  places  the  coal  adheres  to  the  roof 
and  separates  from  it  with  difficulty.  In  one  mine  about  an  inch 
of  coal  is  left  to  protect  the  roof  shale  from  the  air.  In  most 
mines  the  floor  consists  of  a  dark  gray  clay  which  heaves  badly 
when  wet. 

Operations  are  conducted  on  the  unmodified  room-and-pillar  system 
or  on  the  so-called  panel  system.  Dimensions  of  workings  are  given 
in  Table  3.  There  are  also  four  mines  in  the  district  which  are  oper- 
ated on  the  long-wall  system.  Mining  methods  have  not  been  given  very 
careful  attention,  and  the  variations  in  the  coal  bed  tend  to  minimize 
the  effect  of  such  attention  as  has  been  given.  The  method  of  mining 
generally  practiced  in  the  district  involves  the  running  of  parallel 
main  entries  from  the  shaft  toward  the  boundaries,  and  the  turning  of 
cross  entries  from  the  main  entries  at  intervals  of  350  to  400  feet. 
Booms  are  turned  off  these  cross  entries  on  30-foot  to  42-foot 
centers,  and  are  driven  20  to  30  feet  wide.  Boom  pillars  average 
9  feet  in  width  and  rooms  26  feet,  but  pillars  are  gouged  as  the 
miner  pleases.  This  haphazard  method  is  productive  of  so  many 
squeezes  that  in  some  mines  a  modification  of  the  system  has 
been  employed  in  which  stub  or  room  entries  are  turned  off  the 
cross  entries.  This  method  approaches  the  panel  system  and  is  called, 
locally,  **  block-room-and-pillar."  Sometimes  a  sufficiently  large  cross 
barrier  pillar  is  left  to  confine  a  squeeze  to  the  block  in  which  it 
originates,  but  generally  the  barrier  pillar  is  gouged  and  squeezes 
ride  over  it  unchecked  until  they  reach  a  horseback  or  some  ungouged 
pillar  which  is  large  enough  to  stop  them.  In  several  mines  squeezes 
originating  in  rooms  have  traveled  to  the  main  barrier  pillar  and 
to  the  solid  coal  at  the  entry  face.  In  one  mine  an  entry  was  saved 
from  a  threatened  squeeze  by  very  heavy  timbering  ahead  of  the 
squeeze. 

Eleven  of  the  sixteen  mines  examined  are  at  present  operated 
on  this  semi-panel  system,  but  the  relative  dimensions  of  room  and 
room  pillar  have  not  been  changed  from  previous  operations.  These 
dimensions  are  not  safe  under  the  roof  found  in  the  district.  Boom 
width  is  not  uniform,  but  rooms  are  narrowed  to  avoid  horsebacks 
and  widened  again  where  the  coal  resumes  its  normal  thickness. 
There  is  a  temptation  to  get  all  the  coal  possible  on  the  advance, 
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because  the  numerous  rolls  make  uncertain  the  total  tonnage  which 
can  be  extracted  from  any  area,  and  the  rolls  interfere  seriously 
with  any  projected  plan  since  cutting  through  them  is  expensive. 

Pillars  are  drawn  in  only  a  few  mines,  and  in  these  drawing  is 
not  done  systematically  but  is  confined  to  shooting  slabs  off  the  thick- 
est parts  of  the  pillars.  Boom  pillars  are  tapered  to  cross-cuts  in 
nearly  all  mines.  In  one  case  an  attempt  was  made  to  draw  pillars, 
and  a  track  was  laid  along  the  rib,  but  objections  were  raised  by 
the  miners  to  this  position  of  the  track,  and  the  attempt  was  aban- 
doned. Principally  because  of  the  insufficient  pillar-width,  the  floor 
of  fire  clay  heaves  badly  even  when  dry.* 

Nineteen  mines  were  examined  in  this  district,  and  the  estimates  of 
the  percentage  of  recovery  furnished  at  seventeen  ranged  from  55 
to  75  per  cent,  averaging  67.26  per  cent.  It  is  probable  that 
most  of  the  estimates  are  too  high  for,  although  the  gouging  of 
pillars  tends  toward  high  percentage  of  extraction,  careless  methods 
always  result  in  the  loss  of  much  larger  quantities  of  coal  than  is 
supposed.  One  company,  which  has  given  careful  attention  to  the 
forms  and  dimensions  of  its  workings,  is  extracting  about  70  per  cent 
of  the  coal.  It  is  doubtful  however,  if  the  extraction  throughout  the 
district  as  a  whole  amounts  to  60  per  cent. 

14.  District  V. — ^Bed  No.  5  in  Saline  and  Gallatin  Counties  lies 
at  a  depth  of  25  to  450  feet,  being  nearest  the  surface  along  the 
southern  portion  of  the  district.  The  bed  varies  in  thickness  from 
4  to  8  feet,  and  averages  5J^  feet  in  Saline  County  and  4  feet  in 
Gallatin   County. 

The  roof  of  the  No.  5  coal  in  this  district  is  of  shale  which  is 
sometimes  laminated  and  interbedded  locally  with  bone  and  stringers 
of  coal  for  a  distance  of  3  feet  above  the  seam.  The  roof  usually 
contains  many  concretions  of  iron  pyrites  called  "niggerheads." 
It  breaks  quickly  when  wide  spans  are  left  supported,  and  it  is 
drawn  when  it  shows  a  plainly  marked  parting  not  more  than  4 
inches  above  the  coal ;  but  such  a  parting  rarely  occurs  and  the  coal 
bed  is  so  thin  that  the  top  coal  cannot  profitably  be  left  in  place. 
There  are  numerous  falls  which  can  be  avoided  only  by  making  entries 
narrower  than  at  present. 


*Androt,  8.  O.,  "Coal  Mining  Prsetiee  in  District  IV/'  m.  OoiJ  Min.  lavMt..  Bui.  12, 
pp.  15  and  19.  1015. 
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The  floor  is  of  fire  clay  which  in  places  contains  much  sand  and 
heaves  badly  when  wet.  The  bed  contains  many  hills  and  rolls 
causing  grades  as  high  as  15  per  cent  in  the  entries  of  some  mines. 
The  coal  is  not  pinched  out  at  these  hills,  but  follows  the  contours 
with  undiminished  thickness.  In  some  mines  about  9  inches  of  bottom 
coal  is  left  below  a  **blue  band,"  but  as  this  bottom  coal  is  not  of 
good  quality,  increased  facility  in  shooting  compensates  for  the  loss  of 
coal. 

The  room-and-pillar  system  of  mining  is  used  exclusively,  a  main 
haulage  entry  and  a  parallel  air-course  being  noted  in  every  mine 
examined  except  one, —  in  which  triple  main  entries  were  driven, 
two  for  intake  air  and  one  for  return  air  and  haulage.  In  the  smaller 
mines  and  in  many  of  the  larger  ones,  the  dimensions  of  workings 
are  not  suited  to  the  roof  conditions.  The  main  entries  vary  in  width 
from  14  to  16  feet.  A  few  shaft  pillars  have  been  gouged.  The 
room  stumps,  which  are  left  when  rooms  are  turned  oflP  the  cross 
entries,  are  generally  small.  The  closing  of  entries  by  roof  falls 
may  often  be  attributed  to  local  squeezes  which  ride  over  the  room 
stumps.  Table  3  gives  dimensions  of  workings  for  each  mine  exam- 
ined. 

The  custom  of  driving  wide  rooms  and  entries,  of  leaving  narrow 
pillars  throughout  the  mine,  and  of  obtaining  all  the  coal  possible  on 
the  advance  without  attempting  to  draw  pillars  has  resulted  in  a 
high  percentage  of  extraction  for  Illinois  mines.  The  percentages 
given  in  Table  3  were  calculated  from  the  most  nearly  exact  data 
obtainable  at  the  time  of  their  publication  but  are  unquestionably 
too  high.  This  reported  extraction,  averaging  67.1  per  cent  for  the 
seven  mines  examined,  was  accomplished  only  with  greatly  increased 
expense  for  cleaning  up.*  One  of  the  large  operators  of  this  dis- 
trict reports  an  average  recovery  at  ten  mines  of  60.5  per  cent  over 
a  5-year  period  with  a  maximum  of  72  per  cent  and  a  minimum  of 
52  per  cent  where  the  cover  varies  from  60  to  414  feet.  Pillar  draw- 
ing is  not  practiced,  and  it  would  be  impossible  to  gain  the  percent- 
ages of  coal  given  in  the  table  if  the  dimensions  given  were  adhered 
to,  but  pillars  are  gouged  to  such  an  extent  that  there  should  be  a 
higher  percentage  of  extraction  than  is  calculated  from  the  dimen- 
sions of  rooms  and  pillars  in  the  table. 


pp. 


*AiidTOS.  S.  O.,  "Coal  Minlnff  Practice  in  Diatrict  V,"  lU.  Ooal  Min.  Invest..   Bui.  6. 
L  9  And  13,  1014. 
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15.  District  VI, — ^This  district  has  experienced  a  rapid  develop* 
ment,  because  the  No.  6  coal  commands  a  ready  market;  consequently 
mining  on  a  large  scale  is  possible.  Bed  No.  6  lies  close  to  the  surface 
along  the  Duquoin  anticline*  but  dips  sharply  to  the  east,  reaching 
a  depth  of  726  feet  at  Sesser.  A  general  uplift  has  brought  it  to 
the  surface  along  an  east-west  line  extending  through  Carterville  to 
Marion  and  along  a  southeast  line  from  Marion  to  the  boundary  of 
the  district.  East  of  the  area  affected  by  the  Duquoin  anticline, 
the  bed  has  a  pronounced  dip  to  the  north.  Along  the  outcrop  line 
there  are  a  few  slopes  and  strippings,  but  the  steep  dip  of  the  bed 
leaves  only  a  small  acreage  with  thin  cover,  and  the  remaining  open- 
ings are  shafts.  The  seam  itself  is  thick,  ranging  from  7^  to  14 
feet  and  averaging,  as  shown  by  130  borings,  9  feet,  5  inches.  A 
clean  persistent  parting  of  mother  coal  lies  14  to  24  inches  below  the 
top  of  the  bed,  and  a  second  parting  generally  api>ears  5  to  8  inches 
lower  down.  Above  the  upper  parting  the  coal  occurs  in  layers  3  to  6 
inches  thick,  with  partings  of  mother  coal  between  them. 

The  immediate  roof  consists  of  a  gray  shale  15  to  110  feet 
thick.  This  shale  does  not  stand  well  when  the  coal  is  removed,  and 
the  top  coal  is  generally  left  as  a  roof,  at  least  until  the  rooms  are 
finished.  The  bottom  is  generally  of  clay,  four  inches  to  eight  feet 
thick,  below  which  is  limestone.  There  is  only  one  persistent  band 
of  impurity  in  the  bed.  This,  which  is  known  as  the  blue  band, 
generally  consists  of  bone  or  shaly  coal  and  is  found  uniformly  at 
a  height  of  18  to  30  inches  from  the  bottom.  Its  thickness  varies 
from  ^-inch  to  2^/^  inches,  t 

The  large  number  of  squeezes  which  have  occurred  in  mines  of 
District  VI  would  seem  to  indicate  the  presence  of  one  or  more  thick 
beds  of  strong  rock  among  the  overlying  strata.  A  study  of  the 
logs  of  numerous  wells  does  not,  however,  show  the  presence  of  any 
continuous  strong  bed  which  would  be  a  serious  obstacle  to  the  intro- 
duction of  methods  allowing  a  larger  percentage  of  extraction.  The 
State  Geological  Survey  makes  the  following  statement  concerning  the 
overlying  limestone:  '*Over  a  large  part  of  the  area  within  25  feet 
of  the  coal  is  a  limestone  cap  rock  which  in  places  rests  upon  the 
coal,  except  for  the  draw  slate  that  lies  between.    Where  the  lime- 


*Androt,  S.  O..  "Goal  Mininf  FraeUce  in  District  VI/'  VI.  Oo«l  Min.  InTWt.,  Bnl.  8. 
p.  11,  1914. 

fShftw.  B.  W..  and  Savftge.  T.  E.,  U.  S.  0«6I.  Sur.,  Folio  No.  185. 
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stone  cap  rock  is  not  present  within  25  feet  of  the  coal  it  may  be 
entirely  absent,  or  lie  at  a  considerably  greater  distance  above  the 
coal,  amonnting  in  some  places  possibly  to  as  much  as  100  feet."* 
The  limestone  cap  rock  is  of  variable  thickness  up  to  about  11 
feet,  the  average  thickness  being  4  to  5  feet.t  In  some  places  sand- 
stones are  found  at  various  distances  above  the  coal,  but  none 
of  these  seems  to  be  close  enough  to  the  coal  to  affect  the  choice 
of  a  mining  method.  In  other  words,  it  seems  that  there  is  no  layer 
of  rock,  sufficiently  near  the  coal  to  require  serious  consideration, 
which  cannot  be  broken  by  careful  attention  to  the  proper  methods. 
An  examination  of  bore  hole  records  of  the  Connellsville  district  of 
Pennsylvania,  where  the  percentage  of  coal  extracted  is  very  high, 
indicates  that  there  is  more  difficulty  in  breaking  the  overlying  lay- 
ers of  rock  in  that  district  than  would  be  experienced  in  most  cases 
in  District  VI  of  Illinois.  At  a  few  mines  an  unusually  wide  room 
pillar  is  left  in  the  middle  of  a  panel  for. the  purpose  of  limiting 
the  area  affected  by  a  squeeze. 

According  to  Table  8,  all  mines  in  the  district,  except  strippings, 
are  worked  by  the  room-and-pillar  method  or  by  the  panel  method. 
Where  the  latter  ia  employed,  frequently  no  attention  is  paid  to 
panel  pillars  so  that  the  advantage  of  this  method  in  the  stopping 
of  squeezes  is  largely  lost.  Practice  is  not  uniform  in  regard  to  the 
number  of  rooms,  which  may  be  as  low  as  14  or  as  high  as 
30,  turned  from  a  room  entry.  The  description  of  mining  prac- 
tice in  this  district  t  given  in  BuUetin  8  of  the  Cooperative  Investi- 
gations says,  ''The  immediate  roof  overlying  the  coal  falls  in  slabs 
after  short  exposure  to  the  air  and  top  coal  is  usually  left  to  protect 
it,  but  the  cap  rock  is  a  tough  coherent  shale  which  does  not  break 
easily.  The  first  mines  opened  in  the  district  had  widths  of  rooms 
and  pillars  unsuitable  for  this  tough  cap  rock.  New  mines  as  they 
were  opened  adopted  the  dimensions  of  the  older  mines  and  a  great 
waste  has  resulted  through  the  loss  of  pillar  coal.  It  will  never  be 
possible  in  this  district  to  draw  any  considerable  portion  of  the 
pillars  where  rooms  20  to  29  feet  wide  are  driven  with  narrow  room 


*OAdy,  OaiMrt  H.,  "OotX  ResoiiroM  of  DUIriet  VI,"  m.  Ooal  Min.  IiiTest..  OodporftiiTe 
MBeiii»  Bui.  16,  p.  88,  1916. 

tn4d.  p.  82. 

t  Androt,  8.  O.,  "OoaI  Mininc  PractiM  in  DittHet  VI,"  lU.  OdJ  Min.  Invert..  Bol.  8. 
p.  12,  1914. 
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pillars.  Fear  of  yardage  charges  has  been  an  important  factc^  in 
maintaining  the  present  improper  dimensions.  .  .  .  With  present 
dimensions  when  rooms  have  been  driven  200  to  300  feet  there  is  a 
large  area  of  unsupported  cap  rock.  If  an  attempt  ia  made  to  draw 
pillars  under  such  conditions  a  squeeze  is  usually  started  which  often 
rides  over  room  and  entry  pillars  and  sometimes  affects  a  large  acre- 
age.   In  one  mine  85  acres  were  squeezed;  in  another,  80." 

Early  operations  were  carried  on  without  regard  to  the  possible 
production  of  squeezes.  Pillars  were  gouged  out  or  entirely  removed 
whenever  the  demand  for  coal  seemed  to  excuse  this  procedure;  a 
natural  consequence  was  the  occurrence  of  squeezes.  At  one  mine 
there  have  been  five  squeezes  of  which  two  involved  about  80  acres 
each,  one  about  40,  one  about  20,  and  one  possibly  10.  The  present 
plan  for  the  future  operation  of  this  mine  contemplates  leaving 
barrier  pillars  150  feet  wide  along  the  important  entries,  and  removing 
this  pillar  coal  later.  Jt  is  believed  that  this  plan  will  confine 
roof  movement  to  the  worked  out  areas  and  that  the  entry  pillars 
and  barriers  can  be  extracted  later.  This  plan  is  much  the  same 
as  that  shown  by  Fig.  32,  page  102. 

At  another  mine  a  large  squeeze  approached  within  125  feet 
of  the  air  shaft  and  caused  a  depression  on  the  surface  which  neces- 
sitated the  regrading  of  a  considerable  amount  of  track,  including 
the  track  scales.  Practice  at  this  mine  represents  one  extreme,  since 
no  attempt  is  made  at  room-pillar  drawing  beyond  driving  cross-cuts 
about  30  feet  wide  at  the  ends  of  rooms,  and  as  much  coal  as 
possible  is  taken  on  the  advance.  An  attempt  will  be  made  to  take 
out  barrier  and  entry  pillars  on  the  retreat.  Booms  are  driven 
25  feet  wide  on  45-foot  centers,  and  cross-cuts  are  25  feet  wide. 
The  excavated  area  is  about  50  per  cent  and  the  top  coal,  which  is 
only  18  inches  thick,  is  left  up. 

The  figures  for  recovery  of  coal  given  in  Table  3  are  unquestion- 
ably too  high  although  they  were  based  on  the  best  information  avail- 
able at  the  time.  The  average  percentage  of  extraction  in  District  VI 
is  not  more  than  50  per  cent,  and  it  is  probably  nearer  45  per 
cent.  The  maps  of  mines  may  show  an  excavated  area  of  50 
per  cent  or  even  more,  but  they  do  not  take  into  account  the  un- 
mined  top  coal.  The  thickness  of  coal  taken  out  is  generaUy  about 
7  feet  and  top  coal  ranging  from  a  few  inches  to  4  or  5  feet 
in  thickness  is  left.    Even  if  the  top  coal  is  ignored,  the  extraction 
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is  not  SO  high  as  the  estimates  generally  indicate  because  of  losses 
in  squeezed  areas  and  boundary  barriers. 

Special  investigations  on  the  subject  of  recovery  made  at  several 
mines  in  Franklin  County  gave  results  which  are  summarized  as 
follows : 

At  one  mine,  the  recovery  in  worked  out  areas  where  pillars 
are  not  drawn  is  about  65  per  cent;  where  the  pillars  are 
taken,  it  is  about  75  per  cent. 

At  another  mine,  close  observations  were  made  in  connec- 
tion with  a  study  of  subsidence.  In  a  panel  where  the  ex- 
traction was  considered  good  and  possibly  above  the  average 
for  the  mine  40  per  cent  of  the  coal  is  left  as  pillars.  Two 
feet  or  20  per  cent  of  the  thickness  of  the  bed  is  also  left 
as  top  coal,  and  the  loss  from  this  cause  would  be  20  per 
cent  of  the  remaining  60  per  cent  or  12  per  cent  of  the  total. 
The  total  loss  is  then  at  least  52  per  cent.  No  attempt  has 
been  made  to  extract  room  pillars,  but  some  entry  pillars 
are  taken,  and  top  coal  is  taken  over  the  area  in  which  these 
pillars  are  drawn. 

At  one  of  the  mines  where  the  thickness  of  the  coal  is  greater 
than  the  average,  little  pillar  work  has  been  done.  The  coal 
varies  from  9%  to  nearly  16  feet  in  thickness,*  and  about 
9  feet  of  it  is  taken  out.  Generally  about  one  foot  of  coal  is 
left  on  the  bottom  to  avoid  the  possibility  of  taking  up  a  bed 
of  ''black  jack''  which  is  not  easily  distinguishable  from  coal. 
This  black  jack  is  probably  a  coal  of  very  high  ash  content.  The 
leaving  of  bottom  coal  results  in  the  elevation  of  the  working 
place  in  the  bed  so  that  the  top  coal  left  is  only  3  feet  or 
even  less  in  thickness.  In  a  few  places  in  this  mine  some  pillar 
coal  has  been  taken  out.  Where  this  was  done,  break-throughs 
about  24  feet  wide  were  driven  at  the  ends  of  the  rooms. 
Then  work  was  commenced  at  the  ends  of  the  pillars,  and  coal 
was  taken  out  by  pick  work.  This  work  seems  to  have  been 
successful,  but  it  has  not  been  followed  systematically.  The 
largest  number  of  pillars  which  have  been  taken  together  was 
six,  and  no  attempt  was  made  to  obtain  a  break  in  the  roof. 


*0a^.  Q.  Hn  "OoAl  BeMmroM  of  Dlitriet  VI."  Ul.  OoaI  Min.  InTMl.,  BvL  16» 


p.  S8,  1916. 
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The  leaving  of  coal  on  the  bottom  is  a  practice  followed 
at  only  a  few  other  mines.  In  some  cases  vdiere  the  blue  band 
is  thick  the  mining  is  done  above  it,  and  a  portion  of  the  upper 
part  of  the  bed,  ordinarily  included  in  the  top  coal,  is  taken 
down.  At  two  mines  where  this  method  is  followed  in  part, 
the  blue  band  and  the  coal  below  it  are  left  in  where  the  blue 
band  is  thick  and  the  top  coal  is  taken  to  within  about  ten 
inches  of  the  roof,  at  which  point  there  is  a  parting.  Qreater 
care  is  required  to  prevent  the  breaking  of  the  top  coal  where 
this  is  done. 

At  one  of  the  mines  in  the  southern  part  of  Franklin  Ciounty 
a  little  pillar  coal  is  drawn,  though  pillar  coal  is  not  depended 
upon  for  an  important  part  of  the  output.  Booms  are  25 
feet  wide  with  20-foot  pillars.  Booms  are  holed  through 
into  those  of  adjoining  panels.  When  the  rooms  have  reached 
their  full  lengths,  cross-cuts  24  feet  wide  are  driven  across 
the  ends  of  the  piUars.  In  addition  to  these  cross-cuts  the 
pillars  are  probably  slabbed  to  some  extent.  The  coal  is  about 
9  feet  thick,  and  about  1^  feet  of  top  coal  is  left  up.  No  bot- 
tom coal  is  left.  The  barrier  pillars  are  about  100  feet  thick. 
Break-throughs  are  21  feet  wide.  It  seems  hardly  proper  to 
speak  of  this  kind  of  work  as  the  extraction  of  pillar  coal,  but 
it  represents  a  practice  which  is  common  in  this  district. 

At  one  of  the  mines,  pillars  are  drawn,  beginning  in  the 
middle  of  a  panel,  in  six  rooms  at  a  time;  then  another  group 
of  six  piUars  is  attacked,  one  pillar  being  left  untouched  between 
the  groups.  This  is  simply  another  method  of  attempting  to  get 
as  much  coal  as  possible  before  being  driven  out  by  a  fall  of 
the  top,  and  is  not  an  attempt  to  break  the  cap  rock. 

Systematic  work  in  the  recovery  of  pillar  coal  as  done  at 
one  of  the  mines  is  illustrated  in  Fig.  4.  The  .mine  is  operated 
on  the  block  system  commonly  called  the  panel  system,  though 
the  panels  are  not  kept  sufficiently  isolated  to  warrant  the 
use  of  the  term.  Cross  entries  are  driven  at  intervals  of  1,370 
feet,  and  panel  entries  are  driven  through  from  cross  entry 
to  cross  entry.  On  each  pair  of  panel  entries  twenty-eight 
rooms  are  turned  to  each  side  on  40-foot  centers.  A  barrier 
pillar  125  feet  wide  is  left  along  the  cross  eiitry.  After  the 
room  entry  is  driven  the  rooms  are  necked,  but  only  the  first 
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fourteen  rooms  on  each  side  of  the  room  entry  are  worked, 
and  these  are  finished  before  the  rooms  at  the  other  end  of 
the  panel  are  driven.  Break-throughs  are  normally  11  feet 
wide;  t]ioee  at  the  ends  of  the  rooms  are  24  feet  wide.  Pillar 
drawing  is  commenced  when  the  rooms  at  one  end  of  the 
panel   are  finished,   and   the  coal  ia  taken   out  through  the 
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first  cross  entry,  that  is,  the  one  next  to  room  No.  1.  The  coal 
from  the  remaining  portion  of  the  panel  is  taken  out  through 
the  next  cross  entry,  that  is,  the  one  next  to  room  No.  28.  The 
advantage  of  this  method  lies  in  the  fact  that  the  extraction 
of  the  coal  from  the  second  half  of  the  panel  is  not  interfered 
with,  as  far  as  haulage  and  ventilation  are  concerned,  by  move- 
ments caused  by  piUar  drawing  in  the  first  half.  The  pillar 
coal  is  attacked  first  by  the* driving  of  24-foot  cross-cuts  at  the 
ends  of  the  rooms;  then  other  cuts  are  made  in  the  pillar 
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with  the  breast  machine  in  such  manner  as  to  leave  stamps  be- 
tween the  cuts  and  the  break-throughs.  These  stumps  are 
removed  as  far  as  possible  by  pick  work,  but  the  miners  are 
not  always  able  to  finish  as  much  work  with  tha  machines  as 
is  desired  since  this  work  is  frequently  interrupted  by  move- 
ments of  the  roof.  As  much  of  the  coal  as  is  possible  is  then 
taken  out  with  picks.  While  the  work  at  this  mine  is  as  sys- 
tematic as  that  at  any  mine  in  southern  Illinois,  the  company 
has  no  exact  record  of  the  amount  of  pillar  coal  extracted, 
but  it  is  known  that  the  pick-mined  coal  amounts  to  approxi- 
mately 10  per  cent  of  the  output.  When  the  pillars  are  not 
drawn,  the  recovery  is  estimated  by  the  operators  to  be  about 
65  per  cent;  when  they  are  taken,  the  estimates  run  about  75 
per  cent. 

Through  the  courtesy  of  the  Franklin  County  Coal  Operators' 
Association  (Illinois),  data  have  been  made  available  regarding  the 
extraction  of  coal  in  that  county  as  presented  in  the  following  para- 
graphs : 

The  coal  mined  is  the  No.  6  bed  of  the  State  (Geological 
Survey  classification.  Measurement  of  113  sections  taken  in 
twelve  of  the  largest  mines  in  the  county  gave  an  average  thick- 
ness of  9.2  feet  of  coal,  the  average  minimum  thickness  for 
the  same  twelve  mines  being  8  feet,  and  the  average  maximum 
thickness  10.64  feet.  The  blue  band,  which  is  characteristic  of 
the  No.  6  coal  bed,  varied  from  ^  to  2  inches  in  thickness,  and 
its  average  distance  from  the  floor  was  21.5  inches.  Owing  to 
the  difficulty  of  keeping  up  the  shaly  material  above  the  coal 
bed,  the  top  coal  is  almost  universally  left  as  roof  protection, 
and,  up  to  the  present  time,  very  little  of  this  top  coal  has  been 
recovered,  although  some  operators  are  expecting  to  recover  it 
at  a  later  date  in  connection  with  pillar  drawing.  In  one  of 
the  twelve  mines  from  which  the  data  were  obtained,  top  coal 
was  not  left  in  the  rooms.  This,  however,  is  exceptional  prac- 
tice, the  average  thickness  of  the  top  coal  left  in  the  twelve 
mines  being  li/^  feet.  The  average  thickness  of  coal  mined  was 
7.46  feet,  and  the  average  tonnage  per  acre  to  January  1,  1916 
was  6,627  tons.  This  is  equivalent  to  40.7  per  cent  extraction, 
if  it  is  assumed  that  all  the  9.2-foot  bed  is  available  for  ship- 
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^ent,  or  to  41.6  per  cent  if  it  is  assumed  that  the  blue  band 
and  refuse  discarded  in  the  loading,  or  0.2  foot,  is  deducted 
from  the  thickness  of  the  bed.  A  very  careful  estimate  for 
each  of  the  twelve  mines  noted,  made  by  dividing  the  total 
amount  of  coal  in  the  area  mined  up  to  January  1,  1916  into 
the  actual  shipments  since  the  mine  began  operating,  gave  per- 
centages of  extraction  varying  from  37.7  to  49.5,  or  an  average 
of  41.4  per  cent.* 

For  six  of  the  twelve  mines,  datk  were  available  for  the  average 
percentage  of  extraction  in  the  portion  of  the  bed  actually  mined; 
that  is,  the  total  thickness  less  the  top  coal  left  up  to  protect  the 
roof.  This  average  is  48.65.  These  mines  are  all  comparatively  new 
mines,  and  in  only  a  few  cases  has  any  portion  of  the  workings 
reached  the  boundary  so  as  to  permit  drawing  the  pillars  in  return 
workings.  At  many  of  the  mines  it  is  hoped  to  increase  the  per- 
centages of  extraction  through  subsequent  pillar  drawings,  but  the 
amount  of  such  increase  is,  of  course,  problematical.  In  many  in- 
stances squeezes  have  already  occurred,  but  as  a  general  thing  only 
the  room  piUars  have  been  affected. 

The  twelve  mines  under  discussion  are  representative  of  the 
practice  in  Franklin  County  and  to  a  great  extent  of  that  of  southern 
niinois.  In  a  number  of  these  mines  experiments  are  now  being 
conducted  to  determine  in  what  respect  present  methods  of  working 
may  be  modified  to  yield  a  larger  percentage  of  extraction.  Although 
these  mines  are  operating  under  practically  the  same  physical  con- 
ditions and  all  on  the  panel  system,  the  variation  in  the  detailed 
operations,  such  as  the  number  of  rooms  per  panel,  or  the  width 
of  barrier  pillars,  indicate  the  necessity  for  a  critical  comparative 
study  of  details  to  determine  the  best  method  for  the  given  conditions. 

Investigations  in  Williamson  County  supplied  the  following  facts : 

At  one  mine  rooms  are  21  feet  wide  on  40-foot  centers. 
From  2  to  2^  feet  of  top  coal  is  generally  left  up  on  the  ad- 
vance. In  one  part  of  the  mine  the  coal  is  11  feet  thick  and 
only  7y2  feet  of  it  is  taken  out.  It  is  estimated  that  40  to 
50  per  cent  of  the  pillar  coal  is  won.    The  top  coal,  which  is  the 


,      *  The  PMbody  Goal  Oompanj  reports  thel  the  peroenUgei  of  extraction  at  its  four  mines 
In  this  distriot  are  67,  68,  65,  and  55. 
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best  part  of  the  bed,  is  taken  out  when  the  pillars  are  drawn. 
There  are  no  definite  records  on  recovery,  but  it  is  probable 
that  55  or  60  per  cent  is  gained.  If  7%  of  the  11  feet  are 
removed,  and  40  per  cent  of  the  pillars  and  all  the  top  coal 
over  the  area  in  which  the  pillars  are  drawn  are  removed,  the 
extraction  is  about  60  per  cent. 

In  another  mine  a  rather  high  percentage  of  extraction 
is  attained  because  of  favorable  conditions  which  permit  the 
leaving  of  small  pillars.  The  coal  is  9  feet  thick  and  the  depth 
only  100  feet.  Booms  are  24  feet  wide  on  35-foot  centers.  In 
some  cases  top  coal,  about  20  inches  thick,  is  left  if  the 
machine  runners  think  the  top  is  insecure.  Probably  from 
65  to  70  per  cent  of  the  coal  is  taken  out.  No  pillar  work 
could  be  done  with  rooms  and  pillars  of  these  dimensions,  but 
on  one  side  of  the  mine  15-foot  pillars  are  now  being  left  with 
the  intention  of  taking  them  out  on  the  retreat. 

At  some  mines  in  the  western  part  of  Williamson  County 
considerable  trouble  has  been  experienced,  because  large  quan- 
tities ^f  water  enter  when  the  top  is  broken.  The  cover  here 
is  only  about  100  feet  thick  and  there  are  only  3  to  4  feet 
of  solid  rock.  The  rooms  of  one  mine  are  20  feet  wide  and 
are  driven  on  40-foot  centers,  although  they  are  sometimes 
crowded.  Some  rooms  were  driven  on  32-foot  centers,  but 
the  pillars  were  not  sufficient  to  prevent  squeezes.  En- 
tries are  12  feet  wide  and  entry  pillars  20  and  25  feet  wide. 
The  coal  is  5  to  11  feet  thick  with  an  average  thi^lmAiw  of 
8  feet.  Top  coal  averages  20  inches  in  thickness.  Above  the 
bed  is  a  shale;  above  this  is  a  so-called  soapstone,  ranging  from 
2  to  8  feet  in  thickness  and  averaging  about  4  feet;  and  above 
this  is  a  black  shale.  In  some  places  a  draw  slate  from  1  to 
2  feet  thick  occurs  above  the  coal,  and  above  this  is  limestone 
1  to  3%  feet  thick.  Where  is  no  draw  slate,  there  is  no  lime- 
stone. An  unconsolidated  sand  is  found  in  some  places  above 
the  coal.  The  pillars  are  sometimes  slabbed  a  little  to  compen- 
sate for  the  coal  left  in  entry  and  barrier  pillars.  When  this 
slabbing  is  done,  the  extraction  amounts  to  about  50  per 
cent.  In  some  cases  extra  cross-cuts  are  taken,  and  the  extrac- 
tion is  thereby  increased  to  about  75  per  cent  On  the 
whole,    the    extraction    is    estimated    to    be    about    60    per 
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cent, —  an  estimate  which  is  probably  reliable  since  the  work 
is  more  carefully  done  here  than  at  many  other  mines  of  the 
district.  Where  more  than  60  per  cent  of  the  coal  is  taken 
out  in  this  mine,  the  roof  breaks  and  water  enters  in  large 
quantities.  Although  the  amount  of  water  is  influenced  by 
precipitation,  the  flow  is  continuous.  In  one  case  where  the 
rock  had  been  broken  and  a  large  quantity  of  water  had  entered 
the  mine,  it  was  thought  that  the  strata  was  drained  to  some 
extent  and  that  it  would  be  possible  to  allow  the  top  to  break 
at  a  slightly  higher  elevation.  It  was  found,  however,  that 
the  new  break  allowed  a  large  amount  of  water  to  enter  the 
mine,  and  it  has  been  impossible  for  the  company  to  do  any 
pillar  work.  It  is  planned,  as  some  of  the  workings  reach  the 
boundaries,  to  draw  pillar  coal.  In  these  cases  pumps  will 
already  have  been  installed,  and  it  will  be  possible  to  conduct 
the  water  to  these.  The  water,  moreover,  will  be  entering  in 
abandoned  places  and  not  between  the  workers  and  the  shafts. 
Some  of  the  workings  are  now  not  far  from  the  boundaries, 
and  the  plan  can  be  put  into  operation  in  the  near  future. 

At  another  mine  the  coal  is  9  feet  thick,  the  top  is  of  white 
shale,  and  the  bottom  of  fire  clay.  The  top  coal  is  about  2  feet 
thick.  The  mine  is  operated  on  the  panel  system.  No  pillars 
are  drawn  until  the  rooms  on  an  entry  have  been  finished; 
then  a  cross-cut  three  machine-cuts  wide,  or  about  20  feet, 
is  driven  at  the  ends  of  the  pillars  in  about  half  the  rooms  on 
the  inside  end  of  the  stub.  Following  this,  another  cross-cut 
is  made  farther  back  in  the  pillar  leaving  a  stump  about  10 
feet  wide.  The  distance  between  the  first  and  second  cuts  varies 
according  to  conditions,  or  according  to  the  judgment  or  incli- 
nation of  the  machine  men.  If  it  is  made  farther  back,  some 
of  the  pillar  coal  is  lost.  This  operation  is  repeated  until 
the  first  break-through  in  each  pillar  is  reached,  the  remainder 
of  the  pillar  being  left  standing  until  aU  the  rooms  on  the  stub 
are  finished;  then  the  room  stump  and  the  entry  pillars  are 
drawn.  No  effort  is  made  to  obtain  a  break  in  the  roof,  and 
the  leaving  of  stumps  of  pillars  is  likely,  by  partially  sustain- 
ing the  roof,  to  bring  on  a  squeeze.  At  present  the  driving  of 
rooms  without  necks  is  being  tried,  the  purpose  being  to  avoid 
payment  for  narrow  work;  and  it  is  believed  there  will  not 
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be  sufficient  difference  between  the  support  left  under  that 
system  and  that  left  under  the  present  system  to  endanger  the 
entries.  These  rooms  without  necks  are  turned  six  machine- 
cuts  wide  and  are  widened  to  seven  cuts  beyond  the  first  cross- 
cut. 

At  another  mine  the  average  thickness  of  the  coal  is  9  feet, 
4  inches.  The  top  coal  is  about  2  feet  thick  and  is  left  up 
until  the  pillars  have  been  partly  drawn  back,  being  taken  down 
just  before  the  track  is  removed.  There  is  generally  a  good 
parting  between  the  main  bed  and  the  top  coal,  which  is  said 
to  be  poorer  than  the  main  bed.  Above  the  bed  ia  shale  of  un- 
known thickness,  which  has  never  broken  high  enough  to  expose 
any  other  rock  above  it.  This  shale  slacks  when  exposed  to  the 
air.  It  does  not  form  a  very  good  top  and  most  of  the  entries 
are  timbered.  The  bottom  is  generally  of  clay,  but  in  some 
places  limestone  appears  next  to  the  coal.  Booms  are  20  feet 
wide  on  30-  to  35-foot  centers  and  are  185  to  190  feet  long. 
Stub  entries  are  turned  on  400-fo6t  centers,  and  16  to  18  rooms 
are  turned  from  a  stub.  The  room  pillars  are  gouged  to  a  con- 
siderable extent.  It  is  planned  that  all  the  rooms  in  a  i)anel 
shall  be  driven  to  their  full  length  before  pillar  drawing  is 
commenced,  but  this  plan  is  not  always  followed,  and  squeez- 
ing sometimes  commences  before  all  the  pillars  can  be  attacked. 
This,  of  course,  is  promoted  by  the  gouging  of  room  pillars. 
When  the  rooms  are  finished,  cross-cuts  20  feet  wide  are  driven 
at  the  face  with  breast  machines.  The  rest  of  the  pillar 
work  is  generally  done  with  picks  though  machines  are  used 
when  possible.  Movement  of  the  roof,  however,  generally  in- 
terferes with  machine  work  after  the  first  cross-cut.  The  pick 
work  generaUy  consists  of  slabbing  along  the  sides  of  pillars, 
but  machines  are  sometimes  used.  Squeezes  have  always  been 
confined  to  the  panels,  and  no  entries  have  been  lost  until  the 
entry  pillars  have  been  drawn.  A  careful  computation,  based 
upon  a  comparison  between  the  actual  area  worked  and  the 
number  of  tons  hoisted,  shows  that  the  extraction  at  this  mine 
has  been  48.89  per  cent.  This  is  one  of  the  most  thoroughly 
worked  mines  in  the  No.  6  bed,  and  the  estimation  of  percent- 
age of  extraction  is  undoubtedly  as  close  as  any  that  has  been 
made.    The  results  found  furnish  one  of  the  reasons  for  the 
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8tatem€nt  that  eztnctian  in  most  mineB  of  the  distriet  m  Um 
than  the  operators  of  the  mines  believe  it  to  be. 

At  a  Peny  County  mine  the  general  syston  is  the  same  as  in 
Williamson  County.  Boom  entries  are  driven  through  from  eross 
entry  to  cross  entry.  A  somewhat  closer  adherence  to  the  panel 
system  is  to  be  noted,  however^  in  that  25-foot  pillars  are  left 
at  the  ends  of  rooms.  Booms  are  24  feet  wide  on  60-foot  centers, 
and  they  are  driven  250  feet  long.  Break-throughs  are  staggered. 
When  the  room  is  completed,  an  18-foot  cross-cut  is  driven 
through  the  pillar  at  the  end.  Top  coal,  about  8  feet  thick  (the 
best  of  the  bed  in  quality*  as  it  is  at  the  mine  last  mentioned),  is  left 
up  until  pillar  drawing  commences.  Pillar  drawing  is  commenced  in 
the  middle  of  the  paneL  After  the  completion  of  the  cross-cut  at  the 
end  of  the  first  piUar  attacked,  the  top  <K>al  is  loosened  by  a  light  shot 
near  each  rib.  Work  on  the  pillars  is  then  prosecuted  by  making  a 
cut  through  the  pillar,  if  the  condition  of  the  top  will  permit,  wide 
enough  to  leave  an  8-foot  stump  at  the  end  of  the  pillar  and  another 
of  the  same  dimension  next  to  the  nearest  break-through.  These  two 
8-foot  stumps  and  whatever  ia  left  by  the  machines  are  taken  out  by 
hand  work.  Two  men  are  used  on  solid  work  and  two  on  the  machine. 
This  method  has  been  found  successful  and  a  considerable  amount  of 
pillar  coal  has  been  recovered,  but  piUar  drawing  is  not  a  necessary 
part  of  the  system  and  is  not  always  carried  out.  Where  the  pillar 
coal  and  the  top  coal  are  taken,  the  recovery  is  said  to  be  from  75  to 
80  per  cent  of  the  coal  in  the  area  actually  worked. 

Several  plans  are  now  being  tried  or  considered  for  the  more  nearly 
complete  extraction  of  the  coal  in  this  district.  One  of  these,  which 
has  so  far  been  given  only  an  incomplete  test,  is  a  panel  long-wall 
method.  Double  entries,  which  would  have  been  the  room  entries  of 
a  panel  under  the  ordinary  methods  of  operation,  were  driven  340  feet 
long.  At  the  end,  two  rooms  were  driven  on  each  side  separated  by 
25-foot  pillars.  The  rooms  at  the  extreme  end  of  the  block  on  each 
side  were  9  feet  wide  and  the  ones  further  back  were  18  feet  wide; 
each  was  200  feet  long.  They  were  connected  at  the  ends  so  that 
ventilation  was  obtained,  the  course  of  the  air  current  being  as  shown 


^^>|or  A.  diseaMion  of  the  differences  between  the  top  coal  and  the  remsinder  of  tb«  bed 
■ee^^'Ohwiicid  Study  of  lUinoie  CoaU."  by   S.  W.   Parr.    111.   CoiU  Ito.   InSrwt .   SS.  8. 
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in  Pig.  5.  Then  the  outby  ribs  of  the  18-foot  rooms  were  worked  as 
long- wall  faces  hy  continuous-cutting  chain  machines  making  a  6-foot 
cut.  The  top  bdiind  the  working  face  was  propped.  It  was  the  in- 
tention to  support  the  immediate  roof  until  the  face  had  advanced 
some  distance  and  then  to  make  an  attempt  to  break  the  overlying  rock 
by  the  withdrawal  of  the  props.    This  plan  was  found  to  be  impossible. 


Pansl  Lono-wall 


however,  as  the  top  fell  when  the  face  had  advanced  only  about  40 
feet.  Other  conditions  made  it  necessary  to  discontinue  the  experiment 
temporarily.  In  operating  by  this  method,  sprags  were  placed  in  the 
cutting  behind  the  machine  to  prevent  the  premature  fall  of  the  coal. 
No  trouble  was  experienced  in  getting  the  coal  down ;  it  was  produced 
very  rapidly  and  was  easily  handled.  At  present  it  is  not  known 
whether  the  top  can  be  broken  along  the  desired  line,  but  it  will  be  seen 
that  this  line  is  only  400  feet  long  and  that  it  is  interrupted  in  the 
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center  by  the  entry  pillar.  Even  if  it  is  not  possible  to  break  the  top 
and  to  work  the  coal  back  continuously  on  two  longwall  faces,  it  seems 
that  the  attack  can  be  repeated  farther  back  in  the  block  and  that  coal 
can  be  produced  as  cheaply  as  by  the  ordinary  method;  also  that  a 
much  higher  percentage  of  extraction  can  be  attained.  If  it  should  be 
necessary  to  follow  the  method  by  repeated  attacks  on  the  block,  there 
would  be  some  resemblance  to  the  ''single  room"  method  successfully 
worked  in  West  Virginia. 

Various  other  plans  for  higher  extraction  have  been  suggested  and 
some  have  been  partly  applied,  but  the  great  demand  for  coal,  which 
has  been  stimulated  by  the  European  War,  has  caused  coal  producers 
to  concentrate  all  their  attention  upon  the  immediate  production  of  a 
large  tonnage.  Anything  in  the  nature  of  experimental  work  will  be 
postponed  until  the  return  of  more  nearly  normal  conditions,  but  there 
is  reason  to  believe  that  successful  efforts  will  be  made  to  increase  the 
percentage  of  extraction  and  that  the  present  large  loss  will  be  greatly 
decreased. 

16.  District  VIL—The  coal  worked  in  District  VII  is  the  No.  6 
bed  on  the  west  side  of  the  Duquoin  anticline.  The  thickness  varies 
from  2%  feet  to  14  feet  and  averages  about  7  feet.  There  is  a  well 
defined  parting  plane  in  the  coal  about  18  inches  from  the  roof. 
Where  the  roof  is  of  black  shale  and  where  the  coal  is  7  feet  or 
more  in  thickness,  the  upper  bench  or  **top  coal''  is  left.  The  roof 
is  a  non-calcareous  black  shale,  a  calcareous  gray  shale  called  locally 
''white  top"  or  "soapstone,"  an  unconsolidated  dark  gray  or  black 
shale  called  ''clod"  and  made  up  of  fragments  of  varying  size  and 
hardness  extremely  difficult  to  support,  or  a  hard  gray  limestone  called 
' '  rock  top. ' '  A  poorly  defined  cleat  or  cleavage  in  the  coal  may  be  seen 
in  some  places.  The  fioor  throughout  the  district  is  of  fire  clay 
which  generally  heaves  when  wet. 

The  tlrickneBS  of  the  coal  is  almost  ideal  for  easy  working  and  for 
large  production;  some  of  the  mines  have  obtained  daily  capacities 
which  rank  among  the  highest  in  the  world.  The  older  mines  have 
been  worked  without  much  regard  to  system,  but  the  newer  ones  are 
more  carefully  planned.  The  planning,  however,  is  directed  toward 
large  daily  production  rather  than  toward  a  high  percentage  of  extrac- 
tion. 

Varying  roof  conditions  often  make  different  entry  and  room 
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widths  necessary  in  different  sections  of  a  mine.  In  many  mines  the 
entries  and  rooms  under  rock  top  are  too  wide  and  the  pillars  too 
narrow, — ^a  condition  responsible  for  squeezes  which  sometimes  have 
endangered  even  the  shaft.  Squeezes  have  occurred  in  thirteen  of  the 
twenty-five  mines  examined  in  this  district ;  they  have  generally  begun 
in  sections  in  wUich  the  roof  was  of  limestone.  In  mines  in  which  the 
rooms  are  not  frequently  surveyed  there  is  no  definite  knowledge  of 
room-pillar  width  except  at  cross-cuts.  Table  3  gives  dimensions  of 
workings  at  each  of  the  mines  examined. 

In  ten  of  the  mines  examined  where  the  immediate  roof  was  of 
thick  black  shale,  top  coal  was  left  to  prevent  variations  of  temperature 
and  humidity  from  affecting  the  shale  of  the  roof  proper,  which  spaUs 
badly  when  exposed  to  the  air.  Where  no  top  coal  is  left,  this  black 
shale  usually  falls  with  the  coal  or  is  drawn.  Where  there  is  less  than 
four  inches  of  shale  between  the  coal  and  the  limestone,  the  shale  is 
drawn.  In  some  mines  where  the  latter  is  more  than  four  inches  thick 
it  is  propped ;  in  others  it  is  drawn,  unless  it  is  more  than  two  feet  in 
thickness.*  The  Peabody  Coal  Company  reports  extractions  at  its 
mines  in  this  district  of  65,  62,  60  and  50  per  cent.  At  the  twenty-five 
mines  examined,  the  average  estimated  percentage  of  recovery  fur- 
nished by  the  operators  was  55.5  per  cent.  So  far  as  is  known,  no 
efforts  have  been  made  to  extract  a  higher  percentage  of  coal.  The 
reason  for  this  attitude  is  to  be  found  partly  in  the  condition  of  the 
surface,  which  in  many  places  is  so  nearly  level  that  any  noticeable 
subsidence  disturbs  the  drainage  and  effects  the  value  of  the  surface 
for  agricultural  purposes. 

At  present  the  abandomnent  of  a  large  percentage  of  the  coal  is  a 
result  of  the  difficulties  experienced  in  attempting  to  secure  satis- 
factory agreements  with  the  owners  of  the  surface.  In  some  cases  the 
owners  of  coal  rights  are  not  the  owners  of  the  surface  and  are  not  free 
from  responsibility  for  surface  damage.  Since  the  operators  have 
found  that  the  estimates  of  damage  caused  by  subsidence  are  likely  to 
be  very  high,  it  has  become  the  custom  to  operate  the  mines  under 
methods  which  will  avoid  subsidence.  Unfortunately  it  has  not  been 
possible  to  estimate  the  exact  amount  of  coal  which  must  be  left  in  the 
ground,  and  squeezes  and  subsidences  have  sometimes  occurred  when  it 
was  thought  that  sufficient  coal  had  been  left. 


/AndTM,  8.  O.,  "Ooal  Ifininv  PraoUce  in  Diitriot  Vn."  m.  OoiO.  Ifin.  la^wtn  BoL  4. 
p.  11(  1014. 
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Even  ¥iiere  low  Talue  of  the  land  or  good  drainage  reduees  the 
cost  of  possible  injury  to  the  surface  by  subsidence,  no  effort  is  made  to 
secure  a  higher  extraction.  The  occurrence  of  squeezes  is  feared,  and 
experience  shows  that  the  only  way  to  prevent  them  without  radically 
changing  the  system  of  mining  is  to  leave  large  amounts  of  coal  in  the 
form  of  pillars.    One  company  which  was  formerly  getting  50  to  60 


Fio.  6.    Plan  of  an  Opxration  in  Maooupin  County,  Ilunois,  Showing 

EXTRAOnON  IN  A  lilMITSD  ArEA 

per  cent  of  the- coal  with  frequent  squeezes  and  subsidence  has  changed 
the  dimensions  of  rooms  and  pillars  so  that  now  only  40  to  50  per  cent 
is  obtained.  Thus  far,  with  the  new  dimensions,  squeezes  have  not 
oceurred.  No  effort  has  been  made  to  extract  pillars  systematically 
with  the  purpose  of  breaking  the  cap  rock  and  thus  preventing  a 
squeeze  by  relieving  the  stress  on  the  piUars,  but  there  is  nothing  to 
indicate  that  this  plan  could  not  be  carried  out. 

The  plan  of  a  portion  of  one  of  the  mines  is  shown  as  Fig.  6.    This 
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may  be  taken  as  a  fairly  typical  projection  of  large  mines  in  this  dis- 
trict. In  many  of  the  mines,  including  parts  of  the  one  illustrated, 
the  workings  are  on  a  panel  system,  but  probably  not  enough  attention 
is  paid  to  the  matter  of  leaving  pillars  sufficiently  wide  to  prevent  the 
spread  of  squeezes  beyond  the  boundaries  of  the  panels.  This  illustra- 
tion is  presented,  because  the  mine  was  surveyed  with  unusual  care  in 
connection  with  an  investigation  of  subsidence  which  is  being  carried 
on  by  the  Cooperative  Coal  Mining  Investigations.  The  rooms  and 
pillars  are  about  30  feet  wide;  this  dimension  was  adopted  with 
the  belief  that  the  top  would  be  held  up  by  pillars  of  this  width  left 
between  30-foot  rooms.  It  had  been  found  that  the  roof  would  fall  if 
25-foot  pillars  were  left  between  25-foot  rooms.  In  the  restricted  area 
measured,  the  extraction  amounts  to  59.2  per  cent  of  the  area  worked ; 
that  is,  40.8  per  cent  of  the  area  has  been  left  as  pillars. 

17.  District  VIIL — In  District  VIII,  seams  6  and  7  are  mined. 
In  both  seams  there  are  numerous  rolls  of  roof  and  floor  called 
''faults,"  or  "horsebacks."  In  many* cases  the  roll  completely  dis- 
places the  coal. 

Seam  6  averages  6  feet  in  thickness.  Near  Danville  the  immediate 
roof  is  of  grayish  black  shale  about  6  feet  thick.  This  shale,  lying 
between  the  coal  and  a  cap  rock  of  dark  gray  nodular  limestone,  makes 
a  roof  which  is  easy  to  support.  In  the  vicinity  of  Westville  and 
Georgetown,  the  immediate  roof  is  generally  of  gray  shale  which 
shows  no  distinct  bedding,  has  little  cohesion,  falls  in  conchoidal 
masses,  and  is  extremely  difficult  to  support.  Stringers  of  coal,  fur- 
thermore, extend  from  the  seam  proper  into  the  roof  material  and 
render  the  task  of  supporting  the  roof  more  difficult.  Occasionally 
there  are  3  to  4  inches  of  black  shale  between  the  coal  and  the 
gray  shale  which  forms  the  cap  rock.  Wherever  this  black  shale  is 
broken,  air  and  moisture  disintegrate  the  gray  shale  cap  rock,  and  the 
roof  becomes  unsupportable.  In  all  parts  of  the  Danville  district  the 
floor  is  of  soft  fire  clay. 

Seam  7  varies  in  thickness  from  2^  to  5V^  feet,  the  average  being 
5  feet.  The  coal  has  two  benches  separated  by  a  clay  band  one  inch 
thick,  which  persists  throughout  the  bed  from  6  to  8  inches  above 
the  floor.    This  bed  also  has  numerous  rolls. 

While  the  stripping  operations,  which  are  important  in  this  dis- 
tricti  are  conducted  in  the  No.  7  bed,  the  largest  underground  oper- 
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ations  are  in  the  No.  6  bed.  The  mineB  are  operated  on  the  room-and- 
pillar  method,  or  a  modification  of  it,  but  the  numerous  rolls  in  the 
roof  prevent  close  adherence  to  the  system.    The  frequent  occurrence 


Fio.  7.    Plan  of  Mine  in  Vermujon  County 

of  rolls  has  a  marked  effect  upon  the  manner  of  driving  rooms.  In  a 
roll  area  it  is  difficult  to  support  the  roof,  and  the  expense  of  driving 
through  the  hard  rock  of  the  roll  is  great;  consequently,  when  a  roll 
is  encountered  in  driving  rooms  it  is  customary  to  change  the  direction 
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of  the  room  and  to  drive  it  parallel  with  the  roll  until  the  coal  resumes 
its  normal  condition,  as  shown  in  Fig.  7,  which  is  a  map  of  a  mine 
typical  of  the  district.  Often  it  is  necessary  to  abandon  a  room  before 
it  has  been  driven  to  its  proper  length.  Since  the  rolls  are  of  frequent 
occurrence,  the  amount  of  coal  that  may  be  gained  in  any  section  of 
the  mine  is  problematical ;  consequently,  the  operator,  on  reaching  that 
portion  of  the  coal  where  the  seam  regains  its  normal  thickness,  will 
attempt  to  get  as  much  of  the  coal  as  possible  during  the  first  working. 
Little  attempt  is  made  to  preserve  a  constant  room-pillar  width,  and 
the  practice  of  gouging  pillars  is  common  in  the  smaller  mines.*  No 
systematic  pillar  drawing  is  attempted,  because  with  present  practice 
there  is  little  pillar  coal  left  to  draw  when  the  rooms  are  driven  to  their 
full  length.  The  roof  is  so  treacherous,  especially  in  the  vicinity  of 
the  rolls,  that  it  is  not  safe  to  leave  wide  spans  of  roof  unsupported  by 
pillars. 

The  width  of  room  pillars  at  the  mines  examined  varied  from  4  to 
16  feet,  and  room  widths  varied  from  21  to  43  feet.  Table  3  gives 
dimensions  of  workings  at  each  mine  examined.  Very  narrow  room 
pillars  were  found  in  mine  No.  91,  where  the  following  dimensions 
were  recorded ;  room  centers,  47  feet ;  room  widths,  43  feet ;  room  pillar 
width,  4  feet. 

Although  pillar  gouging  in  the  district  has  resulted  in  a  high  per- 
centage of  extraction  from  the  bed  in  the  first  working,  it  has  caused  a 
subsequent  loss  of  coal  through  squeezes  due  to  narrow  pillars.  The 
average  extraction  for  the  six  mines  examined,  as  reported  by  the  oper- 
ators, is  70  per  cent.  Table  3  gives  also  the  percentage  of  the  bed  ex- 
tracted at  each  mine.  These  percentages  were  calculated  from  meas- 
urements made  in  the  mines  and  were  checked  by  records  of  produc- 
tion per  acre  obtained  from  the  books  of  each  operating  company  and 
by  planimeter  measurements  of  mine  maps.  The  Peabody  Coal 
Company  reports  an  extraction  of  66  per  cent  at  its  mine  in  this  dis- 
trict. 

At  one  of  the  mines,  almost  all  the  pillar  coal  was  extracted  after 
all  the  advance  work  had  been  done,  and  the  roof  was  supported 
largely  by  the  rolls  which  occurred  at  intervals  of  60  to  100  feet  At 
another  mine  pillars  are  being  extracted,  and  it  is  estimated,  that  the 
total  recovery  will  amount  to  about  85  per  cent. 


•AndiM,  8.  O.,  "Goal  Mininf  Practice  in  District  Vni,"  lU.  Ooid  Min.  IiitmI.,  B«1.  2. 
p.  16,  1914. 
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18.  Conclusion. — ^It  will  be  seen  that  nearly  all  the  work  in  Illinois 
described  as  pillar  drawing  is  unsystematic.  It  is  merely  incidental 
to  the  mining  of  room  coal,  and  preparation  for  it  is  rarely  made  in 
laying  out  the  mines.  There  are  no  apparent  reasons,  so  far  as  physical 
conditions  are  concerned,  except  in  a  few  instances,  why  plans  could 
not  be  made  for  leaving  pillars  large  enough  to  support  the  top  during 
the  advance  work  and  for  recovering  the  pillars  on  the  retreat. 
Squeezes  could  thus  be  avoided,  and  the  percentage  of  extraction 
could  be  increased  materially.  The  commercial  conditions  which  seem 
to  make  such  a  course  difficult  could  probably  be  overcome,  except  in 
those  cases  in  which  subsidence  of  the  surface  subjects  the  operators 
to  claims  for  damages  in  excess  of  amounts  which  would  seem  to  be 
reasonable  compensation  for  the  injury  done.  The  law  covering  pay- 
ments for  damages  due  to  subsidence  ought  to  be  made  so  clear  that 
there  could  be  no  doubt  concerning  the  amount  to  be  paid,  and 
this  amount  should  be  limited  to  a  fair  compensation  for  the  injury 
actually  done. 

At  present  there  is  promise  of  a  considerable  improvement  with 
regard  to  the  percentage  of  coal  extracted  from  Illinois  mines.  The 
subject  is  receiving  more  and  more  attention  on  the  part  of  coal  pro- 
ducers and  careful  planning  of  the  work  with  a  view  to  high  extraction 
as  well  as  to  low  cost  will  follow  as  the  natural  result  of  greater  in- 
terest on  the  part  of  the  operators. 
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CHAPTER  III 

Methods  and  Recovery  in  the  United  States 

19.  Early  Methods  in  the  United  States. — This  chapter  presents 
a  discussion  of  early  methods  of  mining  coal  in  the  United  States,  in- 
formation regarding  the  percentage  of  coal  recovered  in  different  dis- 
tricts, and  descriptions  of  the  most  advanced  methods  employed  for 
obtaining  high  extraction,  especially  those  which  are  applicable  to  con- 
ditions in  Illinois.  In  collecting  this  material  all  available  sources  of 
information  have  been  utilized.  The  descriptions  of  methods  have  been 
taken  largely  from  the  technical  literature  of  coal  mining,  but  in  in- 
stances in  which  the  correctness  of  the  description  seemed  in  doubt,  or 
in  which  statements  concerning  the  percentage  of  extraction  seemed 
to  need  verification,  the  subjects  have  been  reviewed  by  persons  famil- 
iar with  the  local  conditions. 

In  response  to  the  large  number  of  inquiries  sent  out,  many  persons 
have  furnished  the  desired  information  in  as  nearly  complete  form  as 
possible,  but  in  many  cases  there  has  been  available  no  authentic  in- 
formation on  the  subject  of  recovery.  The  estimates  are  necessarily 
more  or  less  approximate  because  the  conditions  are  such  that  it  is 
practically  impossible  to  obtain  correct  values,  or  the  subject  has  not 
been  considered  of  sufficient  importance  by  the  operators  to  warrant 
the  expenditure  of  the  time  and  money  necessary  for  obtaining  the 
values.  It  is  believed  that  the  values  for  percentage  of  extraction 
given  in  the  following  pages  represent  the  most  reliable  information 
obtainable  on  the  subject,  but  they  are  not  presented  as  being  abso- 
lutely correct. 

At  the  time  mining  was  begun  here,  this  country  was  a  colonial 
possession  of  Great  Britain ;  the  methods  of  mining  to  which  immigrants 
were  accustomed  were  those  of  Great  Britain,  and  the  application  of 
these  methods  to  mining  problems  in  America  was  «  matter  of  course. 
The  development  of  the  early  English  methods  is  discussed  in  the 
appendix.  The  coal  miners  of  this  country,  furthermore,  have  been 
for  the  most  part  men  who  received  their  training  in  tiie  work  in 
England,  Scotland,  or  Wales,  or  children  of  such  men,  and  not  until 
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a  comparatively  recent  date  did  these  miners  loss  their  dominance  in 
the  American  coal  fields.  The  conditions  nnder  which  coal  was  found 
in  this  country  were  also  not  very  different  from  those  in  Great  Britain. 
It  was  natural,  therefore,  that  bituminous  coal  mining  practice  in  this 
country  should  correspond  to  that  of  Great  Britain  at  the  time  the 
industry  began  here. 

Mining  in  this  country  was  begun  in  the  Richmond  (Virginia) 
basin  about  the  middle  of  the  eighteenth  century.  There  seems  to  be 
no  clear  record  of  the  methodic  followed,  but  it  is  known  that  a  pillar 
system  was  employed,  and  that,  as  the  coal  was  reached  in  some  places 
at  a  depth  of  several  hundred  feet,  a  eonsiderable  amount  of  the  coal 
was  left  in  the  ground.  It  is  said  that  the  pillars  were  to  be  extracted 
on  the  retreat,  but  no  definite  record  is  found  to  indicate  that  this  was 
done. 

Western  Pennsylvania  was  the  next  district  to  take  up  coal  mining 
on  an  important  scale.  Maryland  and  West  Virginia  followed,  basing 
their  early  methods  for  the  most  part  on  what  had  been  done  in  Penn- 
sylvania. 

20.  Pennsylvania. — The  early  history  of  coal  mining  in  the  west- 
em  Pennsylvania  district  is  typical  of  that  in  other  sections  of  the 
country,  having  a  similar  hilly  topography.  When  coal  mining  was 
commenced,  an  abundant  supply  of  coal  was  found  outcropping  on 
the  hills  in  the  neighborhood  of  Pittsburgh,  and  these  seams  were 
attacked  by  numerous  small  mines  on  the  outcrop.  As  the  workings 
were  extended  under  cover,  the  single  entry  system  was  followed,  and 
as  it  was  impossible  to  obtain  good  ventilation  with  this  system,  the 
rooms  were  driven  to  only  a  short  distance^  and  the  entry  itself  was 
not  long.  Later  the  double  entry  method  was  employed,  in  which  two 
parallel  entries  were  used,  respectively,  for  intake  and  return  air. 
Since  the  distance  to  which  rooms  could  be  driven  was  limited,  it  was 
impossible  to  work  any  large  territory  by  this  method ;  hence,  as  the 
size  of  the  mines  increased,  the  cross  entry  system  was  introduced. 
The  underground  developments  were  the  same  whether  the  coal  was 
reached  by  drifts,  by  slopes,  or  by  shafts. 

Among  the  many  experiments  tried  in  the  Pittsburgh  bed  was  that 
involving  the  use  of  double  rooms  with  double  necks,  or  of  double 
rooms  with  single  necks,  but  the  amount  of  timber  required  for  posts 
made  these  methods  too  expensive  and  by  1906  they  were  in  use  in  a 
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very  few  mines.  The  long-wall  system  also  was  tried  and  abandoned.* 
No  record  has  been  found  of  the  time  at  which  the  drawing  of 
pillars  was  commenced,  and  it  is  probable  that  this  method  was  fol- 
lowed more  or  less  from  the  beginning  in  such  mines  as  were  system- 
atically developed. 

Toward  the  end  of  the  last  century,  the  double  entry  system  had 
been  further  developed  by  the  turning  of  room  or  butt  entries  from 
the  cross  or  face  entries.  In  some  mines  a  few  of  the  entries  were 
driven  to  the  boundary,  and  then  all  the  rooms  were  opened  at  once, 
but  some  of  the  center  rooms  would  sometimes  reach  their  limits  before 


Fig.  8.    Old  Method  op  Boomand-Pillab  in  Pittsbuegh,  Pa.,  District 

those  whose  pillars  should  have  been  drawn  first.  In  other  cases  only 
the  inby  half  of  the  rooms  on  each  entry  was  turned  first,  while  in  still 
others  one  entry  was  completely  exhausted  before  any  side  work  was 
done  on  its  parallel  entry.  In  most  cases,  a  room-and-pillar  method 
was  used  with  double  entries,  each  about  9  feet  wide.  Main  entries 
were  separated  by  a  pillar  51  feet  wide  with  cut-throughs  for 
ventilation.  The  main  entries  were  driven  on  the  butt  of  the  coal,  and 
face  entries  were  turned  from  them  about  1,000  feet  apart.  Prom 
these  face  entries,  secondary  butt  entries  or  room  entries  were  driven 


.tP^SS*.  Ohariton.    "A   New   Method   of   Co«l   MininfL"   Mines  and  Min«ra]8.  Vol    87 

p.    82,     1906.  -tr.««r.       Tw.     «f. 
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about  400  feet  apart.  Booms  about  20  feet  wide  and  200  feet  long 
were  turned  on  the  face  of  the  coal.  The  room  necks  were  21  feet  long 
and  9  feet  wide.  Boom  pillars  were  15  or  20  feet  wide,  according  to 
the'  coYcr  above  the  coal.  The  rooms  were  turned  from  the  butt  entries 
as  fast  as  these  were  driven,  room  pillars  being  drawn  as  mining  pro- 


FlQ.  9.     IlCPBOVED  MlTHOD  OF  BOOH-AND-PlLLAJt  IN   PiTTSBXTRGH,   Pa.,   DISTRICT 

grossed.*  The  objectionable  features  of  this  method  are : — poor  ven- 
tilation, dangerous  gob,  entries  filled  with  fallen  dirt  requiring  expense 
for  cleaning  up,  maximum  extent  of  track  for  the  minimum  quantity 
of  coal,  thus  greatly  increasing  the  cost  of  animal  haulage,  loss  of 
thousands  of  tons  of  coal,  compulsory  driving  of  narrow  work  in  room 
turning,  and  squeezes,  which  damage  the  coal  and  greatly  increase 
the  hazard  of  mining. 

The  difficulty  of  ventilation  becomes  most  serious  when  the  rooms 
from  one  entry  are  holed  through  into  those  approaching  from  a  neigh- 
boring entry  (see  Fig.  8).  Often  this  will  occur  two-thirds  of  the  dis- 
tance up  each  of  these  entries;  thus  all  the  pillars  below  the  short 
circuit  are  deprived  of  proper  ventilation  at  a  point  where  it  is  con- 
stantly needed.  After  the  pillars  are  drawn  and  the  roof  falls,  there 
is  no  appreciable  movement  of  air  through  the  gob,  and  it  often  fills 
with  explosive  gas. 

*Aiioknatgr,  H.  L.,  in  Ooal  and  Metal  IGnen'  Pocksi  Book,  9th  ed..  p.  296. 
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A  method  described  by  Dixon,  in  the  article  previously  referred 
to,  was  soon  adopted  with  various  modifications,  although  it  is  possible 
that  it  was  already  in  use  in  one  or  more  places  at  that  time.  Accord- 
ing to  this  method  the  territory  was  laid  oflP  into  blocks  (see  Fig.  9) 
1,570  feet  long,  allowing  for  a  barrier  pillar  200  feet  wide  along  the 
main  entries  and  for  another  200  feet  along  the  next  pair  of  face  en- 
tries. A  pair  of  room  entries  separated  by  a  54-foot  pillar  was  driven 
through  the  center  of  this  block,  and  thirty  rooms  were  turned  from 
each  entry.  Rooms  were  240  feet  long,  about  26  feet  wide,  and  were 
driven  on  39-foot  centers,  thus  leaving  13-foot  pillars.  Boom  turning 
was  begun  at  the  inby  ends  of  the  room  entries,  a  reversal  of  the  com- 
mon practice  of  the  time.  The  drawing  of  pillars  was  commenced  as 
soon  as  the  rooms  were  finished,  and  the  line  of  break  was  kept  at  the 
proper  angle  by  carefully  timing  the  extraction  of  pillars.  In  this 
method  the  ventilation  was  considerably  better  than  in  the  earlier 
method ;  but  the  air  current,  after  passing  through  the  district  of  pillar 
work  on  one  room  entry,  went  through  the  advancing  rooms  turned 
from  the  other.  This  difficulty  was  avoided  in  later  methods  by  ex- 
hausting one  room  entry  before  room  work  was  done  on  the  other.  The 
roof  in  the  entries  was  easily  maintained  because  the  entries,  with  the 
exception  of  those  on  which  rooms  were  being  worked,  were  in  solid 
coal.  At  the  finishing  of  a  block  the  minimum  of  track  was  in  use  for 
the  minimum  of  coal  passing  over  it.  Track  was  not  left  in  place 
awaiting  the  withdrawal  of  entry  pillars ;  therefore  it  was  not  exx)osed 
to  the  corrosive  action  of  mine  water.  Since  the  room  pillars  were 
attltcked  immediately,  there  was  little  danger  of  deterioration  of  coal 
or  of  trouble  from  falls.  Most  of  the  props  could  be  recovered  as  they 
had  not  been  subjected  to  any  great  pressure.  Under  the  old  system 
50  per  cent  of  the  wood  rails  in  rooms  were  lost  while  awaiting  the 
attack  on  the  ribs,  and  about  75  per  cent  of  the  posts  were  lost 

Referring  to  the  conditions  and  the  methods  employed  in  mining^ 
P.  W.  Cunningham*  said  in  1910: —  **The  operator  in  the  Pittsburgh 
coal  field,  with  the  price  of  coal  where  it  is  to-day,  must  get  the  largest 
percentage  of  lump  with  the  least  amount  of  fine  coal,  and  this  by 
machine  mining,  in  order  that  he  may  compete  with  coal  operators  in 
other  fields."  The  rooms,  therefore,  are  made  as  wide  as  possible  to 
obtain  the  greatest  percentage  of  lump  coal,  and  the  pillars  are  left 
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as  narrow  as  possible,  because  the  greatest  percentage  of  crushed  coal 
comes  from  them.  This  fact  explains  why  the  use  of  narrow  rooms 
and  wide  pillars,  common  in  the  Connellsville  district,  does  not  appeal 
to  oi)erators  in  the  Pittsburgh  district.  It  also  explains  the  loss  of 
much  pillar  coal,  because  a  period  of  dull  market  results  in  the  stop- 
ping of  pillar  work  and  only  large  coal  from  the  rooms  is  marketed.  A 
large  number  of  rooms,  accordingly,  may  be  driven  up  to  their  limits 


Fio.  10.    Modern  Mithod  in  Pittsbuboh  Distbict 

without  the  extraction  of  room  pillars,  and  the  recovery  of  these  pillars 
is  unprofitable  after  the  rooms  have  stood  for  a  number  of  years. 

Fig.  10  illustrates  the  series  of  operations  incident  to  one  method 
of  extraction  of  stump  and  chain  pillars.  In  this  method,  rooms  are 
turned  and  worked  out  progressively  along  one  of  a  pair  of  room  en- 
tries, probably  the  last,  the  pillars  being  drawn  back  as  soon  as  the 
rooms  are  finished.  There  is  thus  a  diagonal  line  of  rooms  advancing 
and  another  diagonal  line,  practically  at  right  angles  to  this,  retreat- 
ing. On  the  other  room  entry  of  the  pair,  the  driving  of  rooms  is 
commenced  at  the  inby  end  and  proceeds  outward.  In  some  instances 
the  entry  pillars  have  been  drawn  on  the  retreat  as  illustrated  in  Fig. 
10,  and  in  others  they  have  been  left  until  all  the  rooms  and  room 
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pillars  have  been  finished.  In  the  latter  case  it  has  sometimes  been 
possible  to  obtain  the  coal  from  these  entry  pillars,  but  frequently  all 
or  part  of  it  has  been  lost.  The  method  illustrated  in  Pig.  10  was  in 
use  in  the  Pittsburgh  district  proper,  that  is  in  the  high  coal  along  the 
Monongahela  Biver.  Cunningham  says  that  the  extraction  t>y  this 
method  would  average  about  80  per  cent.  Some  companies,  however, 
claim  an  extraction  of  90  per  cent.  Some  differences  in  percentages  of 
extraction  may  be  accounted  for  by  the  different  methods  followed  in 
estimating :  the  whole  bed  from  the  limestone  to  the  top  of  the  seam 
may  be  taken  into  consideration,  or  the  thickness  of  the  slate  partings 
may  be  subtracted. 

One  of  the  principal  reasons  for  taking  the  rooms  turned  from  one 
of  a  pair  of  butt  entries  on  the  advance  and  those  turned  from  the 
parallel  butt  on  the  retreat  was  that  this  procedure  made  it  possible 
to  have  the  air  current  always  blowing  from  the  room  worik  to  the 
pillar  work.  This  constantly  moving  current  of  air  prevented  gases 
set  free  by  the  piUar  work  from  being  carried  to  men  working  in 
advancing  places.  The  miners  in  the  pillar  workings  used  locked 
safety  lamps,  while  those  in  the  room  woi^ings  used  open  lamps. 

Until  about  1910,  mining  machines  were  used  in  the  Pittsburgh  dis- 
trict only  in  room  and  entry  work,  while  pillar  coal  was  undercut  with 
picks.  A  method  designed  to  permit  the  mining  of  pillars  by  machines 
is  illustrated  by  Fig.  11.  Cunningham  gave  the  following  facts  con- 
cerning this  method: — 24-foot  rooms  are  turned  on  39-foot  centers. 
After  the  room  is  worked  out  with  a  machine,  a  cut  about  25  feet 
wide  is  made  across  the  end  of  the  pillar;  then  another  cut  of  the 
same  width  is  made  far  enough  back  on  the  pillar  to  leave  a  stump 
5  to  8  feet  wide,  and  the  stump  is  removed  by  pick  work  after  the 
machine  work  is  finished.  The  stumps  serve  to  protect  the  maehine 
runners  and  the  machine  by  supporting  the  top.  It  was  said  that  at 
one  mine  where  this  system  was  used  70  per  cent  of  the  pillar  coal  was 
extracted  with  machines,  and  30  per  cent  was  pick  mined.  Good  falls 
weire  obtained,  and  no  ribs  were  lost.  The  recovery  of  timber  was  not 
so  good  as  in  the  ConnellsviUe  region  or  in  mines  where  there  is  no 
refuse  gobbed  along  the  roadways.* 

An  old  and  common  method  of  working  is  illustrated  by  Fig. 


*For  another  description  of  the  method  in  qm  about  1910  tee  Sohrilembcrf»  F.  0^  "fljre* 
tematio  Exploitation  in  the  PitUburgh  Coal  Seam,"  lYans.  Amer.  Init.  ICn.  Bnfrt^  VoL  41, 
p.  225.  1910. 
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12.  Traek  is  laid  in  the  middle  of  the  room,  and  the  room  pillars  are 
made  as  narrow  as  possible  after  the  room  has  advaneed  100  f eet,  or  to 
the  first  cut-through.  Commonly  no  attempt  is  made  to  reoover  the 
pillar  coal  beyond  this  point,  though  it  is  often  recovered  nearer  the 
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FlO.  11.     PiLLAB  DRAmNO  VITH  MaCHIMKS  IN  PiTTSBUBOH,  Pa.,  DisntOT 

entries  by  working  the  pillar  along  the  side  of  the  fall.  One  of  the 
chief  operators  in  the  Pittsburgh  district  claimed  a  recovery  of  90  per 
cent  of  marketable  coal  by  this  method,  but  it  seems  that  such  a  recov- 
ery could  be  made  only  over  an  area  of  a  few  acres  and  that  the  recov- 
ery over  the  entire  area  of  the  mine  would  be  much  lower.  Schellen- 
berg  expressed  the  opinion  that  the  recovery  would  not  be  more  than 
60  per  cent  if  an  area  of  10  acres  were  considered. 
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In  the  discussion  of  Cunningham's  article,  G.  S.  Baton  said  that 
entry  pillars  were  not  often  recovered  in  the  Pittsburgh  district  except 
under  remarkably  favorable  conditions.  In  his  opinion  not  more  than 
40  per  cent  of  the  entry  pillars  were  recovered  where  there  was  much 


Fio.  12.    Tapired  Pillabs 

overburden.  It  is  probable  that  a  larger  percentage  than  this  is  being 
recovered  now  in  the  more  carefully  operated  mines.  Another  practice 
in  pillar  drawing  which  had  been  used  in  the  Pittsburgh  district  and 
in  other  districts  is  illustrated  by  Fig.  13.  A  curtain  of  coal  is  left  to 
keep  out  the  gob  when  drawing  room  pillars,  and  the  loss  of  coal 
amounts  to  about  as  much  as  it  does  where  the  pillars  are  narrowed 
and  not  drawn.* 

It  has  been  seen  that  in  most  of  the  methods  employed  in  the  Pitts- 
burgh district,  the  pillar  coal  is  taken  out  by  pick  work,  and  it  has  been 
within  only  a  very  recent  period  that  even  the  room  coal  has  been 
undercut  by  machines.  Machine  mining  of  pillars  is  cheaper  than 
pick  work  and  operators  have  recently  introduced  this  more  advanced 
method  wherever  it  seemed  possible.  The  immediate  reason  for  this 
action  has  been  the  increased  cost  of  production,  largely  due  to  high 
wages  and  expenses  caused  by  changes  in  the  laws  affecting  mining, 
without  a  corresponding  advance  in  selling  price.    Since  the  demand 


*  OimninghMn,  V.  W^  Op.  Oit.,  p.  276,  1010. 
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is  still  greater  for  the  Inmp  coal  than  for  the  smaller  sizes,  it  has  been 
necessary  to  increase  the  size  of  the  pillars  to  prevent  the  objectionable 
crashing  of  the  pillar  coaL  Another  reason  for  increasing  the  width 
of  the  pillars  is  to  be  f  onnd  in  the  practical  difficulty  of  using  machines 
on  very  narrow  pillars.  The  thickness  of  room  pillars  varies,  but  the 
most  common  distances  between  the  centers  are  33,  36,  39,  and  42  feet. 
With  33-foot  room-centers,  the  room  pillars  are  lost  entirely;  with  36- 
foot  room-centers,  about  55  per  cent  of  the  pillars  are  recovered;  and 
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TiQ.  13.    Pillar  Drawing,  Curtain  of  Coal 

with  39-  to  42-foot  centers,  from  60  to  70  per  cent  of  the  pillars  are 
recovered.*  Many  miners  at  the  present  time  have  not  the  skill  to  do 
the  best  pillar  work,  even  if  the  cost  were  not  too  high,  and  for  this 
reason,  if  a  higher  percentage  of  pillar  coal  is  to  be  won,  cutting  with 
machines,  which  can  be  operated  successfully  only  on  wider  pillars, 
must  be  employed. 

A  method  adopted  for  future  working  at  the  Marianna  and  the 
Hazel  mines  of  the  Pittsburgh-Buffalo  Company  in  Pennsylvania  and 


*  Edwards,  J.  0^  and  Oibb,  H.  M.,  *'An  Ideal  Method  of  Mining."  Mines  and  Minerals, 
Vol.  88,  p.  666;  and  Edwards,  J.  C,  "Machine  Mining  in  Room  PiUars,"  Mines  and  Min- 
erals»  VoL  84,  p.  601. 
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the  Annabelle  mine  of  the  Four  States  Coal  Company  in  West  Virginia 
is  illustrated  by  Fig.  14.*  The  plan  as  outlined  is  intended  for  ooal 
under  a  cover  of  300  to  500  feet.    There  are  two  sets  of  triple  main 


Fig.  14.    Proposed  Plan  iob  Pxttsbukoh-Buitalo  Goal  Oompant 

entries  separated  by  an  unbroken  pillar  50  feet  thick.  The  operation 
really  includes  two  distinct  mines  except  that  the  ooal  goes  over  the 
same  tipple.  The  loaded  and  empty  haulage  roads  on  each  side  are 
driven  10  feet  wide,  and  the  airway  is  driven  16  feet  wide.  These 
widths  are  necessary  in  order  to  avoid  the  expense  of  a  fourth  10-foot 
entry. 

The  panel  system  planned  is  known  as  the  ''half  advancing  and 
half  retreating"  system.  The  panels  are  divided  into  blocks  500  feet 
wide  by  entries  driven  "end  on"  in  pairs,  and  from  these  butt  entries 


*lbld. 


Digitized  by 


Google 


PEBOENTAQE  OF  EXTRACTION  OF  BITUMINOUB  COAL 


71 


the  rooms  are  turned  on  the  face  of  the  coal.  The  butt  entries  on  the 
side  toward  which  the  development  of  the  panel  is  progressing,  that 
is  on  the  inby  side,  are  termed  ''advance  headings";  the  exterior  or 
ontby  entries  are  ''retreat  headings."   A  chain  breast  machine  is  used 
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Fig.  15.    Extbaotion  or  Pillabs  xjndkb  Draw  Slate 
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Feo.  16.    Detail  of  Pillab  Wobx  undbb  Draw  Slate 

in  rooms  and  entries  and  a  short-wall  machine  on  pillars.  Both  ma- 
chines continue  in  use  until  the  last  room  on  the  retreat  entry  is  com- 
pleted ;  then  the  short-wall  machine  is  left  to  finish  the  pillars,  and  the 
breast  machine  is  transferred  to  another  pair  of  butt  entries  under 
development.  By  the  time  room  14  is  turned,  room  2  has  been  finished, 
and  work  can  be  begun  on  the  pillar  between  rooms  1  and  2.  Booms 
on  the  advance  entry  are  255  feet  long  and  those  on  the  retreat  entry 
246  feet  long  from  the  entry  centers ;  this  difference  in  length  is  made, 
because  the  chain  pillar  and  entry  stumps  are  brought  back  with  the 
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room  pillars  on  the  retreat  entries.  The  method  has  been  worked  out 
for  two  general  conditions;  first,  where  a  draw  slate  is  encounted,  and 
secondly,  where  there  is  no  draw  slate. 

The  method  to  be  used  where  draw  slate  is  encountered  is  illustrated 
by  Fig.  15.  In  this  illustration  room  1  is  shown  as  finished.  In  rooms 
2  to  9,  inclusive,  the  pillars  are  being  drawn.  Boom  10  has  reached  its 
limit,  and  the  cross-cut  at  the  face  is  being  driven  through  the  pillar 
to  room  9.  Booms  11  to  18,  inclusive,  are  being  driven.  Fig.  16  shows 
in  detail  the  method  of  recovering  the  pillars  by  the  short-wall  ma- 
chine where  draw  slate  is  encountered.  From  the  point  A,  the  track 
is  laid  in  14-foot  sections,  and  steel  ties  are  used;  consequently,  the 
track  is  easily  assembled  or  detached.  Curved  rails  are  used  in  the 
same  way  so  as  to  give  easy  access  to  the  cross-cuts.  After  the  cross- 
cut B  is  finished,  the  curves  and  two  14-foot  sections  of  the  track  are 
detached,  and  an  18-foot  cut  is  made  in  the  pillar  at  C  by  working  on 
the  butt  of  the  coal  and  leaving  a  stump  D,  10  by  39  feet  The  draw 
slate  from  the  first  cut  is  gobbed  in  the  room  proper.  The  remainder 
of  the  draw  sl^te  from  this  cross-cut  is  gobbed  in  the  outby  part  of  the 
cross-cut,  and  the  track  is  laid  in  the  inby  part.  A  cut  is  next  made 
through  the  stump  P,  into  the  gob  above,  and  small  blocks  or  stumps 
E  and  F  are  left  on  each  side  of  the  cut  to  be  taken  out  with  the  pick. 
After  the  block  E  has  been  removed,  all  the  tracks  in  the  cross-cut, 
except  the  two  curve  rails,  are  removed ;  when  the  block  F  has  been  re- 
moved, the  curve  rails  and  the  two  14-foot  sections  of  straight  traok 
are  taken  up,  and  the  operation  of  driving  through  the  pillar  is  re- 
peated as  the  illustration  shows.  In  this  way  the  room  pillar  is  ex- 
tracted back  to  the  point  A. 

The  method  of  operation  in  the  second  case,  where  the  draw  slate 
is  not  encountered,  is  the  same  as  in  the  first  case,  except  for  the 
manner  of  attacking  the  pillars  which  is  Illustrated  in  detail  by  Fig. 
17.  After  the  room  has  been  completed  and  the  cross-cut  B  driven, 
the  two  curve  rails  and  seven  sections  of  track  are  detached ;  thus  the 
track  is  left  in  position  to  be  assembled  quickly  for  easy  access  to  the 
cross-cut  H,  which  is  next  driven.  The  39-  by  94-foot  pillar  is  then 
split  from  H  to  B,  and  a  9-  by  94-foot  pillar  is  left  on  each  side;  then 
an  18-foot  cross-cut  D  is  driven  through  the  9-  by  94-foot  pillar  on  the 
rib  nearest  the  gob,  and  a  stump  is  left  to  be  removed  by  the  pick. 
The  other  9-  by  94-foot  block  is  removed  in  the  same  way,  and  the  oper- 
ation is  continued  until  the  whole  pillar  has  been  removed.    The  ^itry 
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8tiimi)8  and  chain  pillars  of  the  butt  headings  are  won  in  the  same 
manner  as  the  room  pillars. 

Both  of  these  methods  are  in  use  at  several  mines  and  are  meeting 
with  success.  In  both  methods  90  per  cent  of  the  coal  won  is  cut  by 
machines.  This  percentage  can  be  increased  considerably,  since  it  has 
been  demonstrated  that  under  favorable  conditions  part  of  the  pick 
blocks  can  be  recovered  by  the  machine.  One-third  of  the  coal  is  mined 
from  the  rooms  and  two-thirds  from  room  pillars.  When  draw  slate 
is  encountered,  the  39-  by  10-foot  stump  pillar  will  always  afford  ample 


FlO.  17.     DlTAU.  OF  PUiLAB  WOBK  IN  ABSKNCI  Or  DRAW  SLATI 

protection  to  the  mineirs;  and  where  no  draw  slate  is  found,  the  two 
9-  by  94-foot  stump  pillars  together  with  the  timbering  will  give  ade- 
quate protection. 

Among  the  plans  tried  in  the  Pittsburgh  district  with  the  object  of 
reducing  the  cost  of  mining  by  substituting  more  machine  work  for 
pick  work  is  one  (Fig.  18)  which  promised  to  be  successful,  but  failed, 
because  the  miners  demanded  room-turning  prices  for  the  short 
rooms.*  This  added  cost  would  have  defeated  any  other  advantage  of 
the  system.  The  method,  however,  seems  to  be  based  upon  principles 
which  may  find  application  under  other  circumstances.  The  method 
was  adopted,  because  a  provision  of  the  mining  scale  of  the  Pittsburgh 
district  prohibited  the  drawing  of  ribs  by  machines  unless  short-wall 
machines  were  used.  The  plan  was  to  continue  the  employment  of 
the  breast  machines  already  in  use  and  thus  to  increase  the  percentage 


*AIMd0r.  W.  L.,  **Bib  Drmwinc  by  Machinery,' 
and  Ptnonal  Oommnnioation. 
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of  room  coal.  It  seemed  profitable  to  increase  the  percentage  of  room 
coal  since  the  cost  for  machine-cut  run-of-mine  coal  was  45.28  cents 
per  ton,  including  a  differential  of  2/3  of  a  cent  on  account  of  rolls, 
while  the  price  for  pick  mining  was  64.64  cents  per  ton ;  the  average 
price  for  cutting,  loading,  and  pick  work  was  51.92  cents.  This  average 
was  based  on  the  assumption  that  the  working  was  regular  with  rooms 
25  feet  wide  on  40-foot  centers.  Machine  work  was  done  with  the 
common  breast  machines.    The  mining  system  was  the  ordinary  method 
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SCALE 

Fio.  18.    Method  of  Beducino  Pillar  Work  in  Pittsbitboh,  Pa.,  Distkiot 

of  machine  mining  with  25-foot  rooms  on  40-foot  centers  mth  cross- 
cuts three  runs  wide  and  room  necks  21  feet  long.  Booms  were  250 
feet  long,  but  as  the  neck  was  21  feet  long,  the  length  of  the  aetual 
room  was  229  feet.  All  estimations  of  the  percentage  of  extraetion 
were  based  on  a  block  229  feet  long  and  120  feet  wide.  In  this  old 
system  of  mining,  65.7  per  cent  of  the  coal  was  produced  as  maehine 
coal  and  34.3  per  cent  as  pillar  coal  dra¥ni  with  the  pick.  The  mine 
was  operated  on  a  run-of-mine  basis.  The  neyr  system  was  started 
with  36-foot  rooms  on  117-foot  centers ;  but  it  was  expected  that  if  the 
system  should  prove  successful,  these  dimensions  would  be  changed 
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to  40-foot  rooms  on  120-foot  centers.  The  illustration  shows  the  form 
and  dimension  of  rooms.  Two  25-foot  rooms  were  driven  from  the  cross- 
cut with  10-foot  pillars  on  each  side.  These  pillars  were  somewhat 
weak,  but  the  rooms  were  not  long,  and  the  pillars  were  drawn  quickly. 
It  was  admitted  that  the  system  would  reduce  tonnage  for  a  time  if 
the  mines  developed  were  not  sufSciently  advanced,  but  it  was  claimed 
that  when  the  main  rooms  had  been  driven  to  within  50  feet  of  their 
intended  length,  the  production  from  them  would  be  much  greater 
than  from  the  ribs  of  three  rooms  of  the  older  system.  As  soon  as  the 
pillars  were  drawn,  the  recovery  of  the  so-called  ''rooster"  coal  would 
rapidly  increase  the  output.  In  the  Pittsburgh  bed,  the  rooster  coal 
lies  above  the  draw  slate  and  a  laminated  coal  12  inches  to  2  feet 
thick.  Although  in  most  mines  this  coal  is  not  taken  out,  in  the  Pan- 
handle district  it  seems  to  be  better  fuel  than  the  bottom-  coal  and  is 
being  mined  in  several  places.  The  cover  in  the  section  in  which  this 
method  was  employed  was  from  75  to  125  feet  thick.  The  small  pillars 
were  extracted  by  pick  work,  and  the  rooster  coal  also  was  obtained 
at  pick  prices. 

21.  CannellsviUe  District. — The  methods  of  production  in  the 
Connellsville  field  have  become  more  intensive  than  those  in  the  other 
districts  of  western  Pennsylvania.  The  excellent  quality  of  the  Con- 
nellsville coke  and  the  fact  that  the  coal  from  which  it  is  produced  is 
found  in  only  a  limited  area  have  made  the  coal  so  valuable  that  it 
has  been  found  advisable  to  pay  particular  attention  to  high  percent- 
age of  extraction.  In  this  district,  there  has  been,  moreover,  no 
objection  to  the  crushed  coal  from  pillars  as  the  product  goes  to  the 
coke  ovens  where  fine  coal  is  desirable.  The  same  fact  influenced  the 
relative  sizes  of  rooms  and  pillars.  While  in  the  gas  coal  district  it 
was  thought  desirable  to  take  as  great  a  quantity  as  possible  from 
rooms,  in  the  Connellsville  district  the  practice  of  getting  a  large  part 
of  the  coal  from  the  pillars  has  developed  in  order  that  the  percentage 
of  extraction  may  be  as  high  as  possible.  It  is  of  interest  to  trace  the 
more  recent  developments  in  mining  practice  here,  because  the  extrac- 
tion in  the  better  planned  mines  of  this  district  is  unusually  high. 

Conditions  and  methods  in  this  district  are  discussed  by  F.  C. 
Keighley*  as  follows: 


*Keigiae7.  '•  0.,  "Mining  Ck>al  with  FrlftUe  Roof  and  Soft  Floor,"  W.  Va.  Ooal  ICin. 
InalL,  Dm.  10,  1014;  Ooal  Age.  Vol.  7.  p.  1008. 
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''The  cokmg  coal  known  variously  as  the  No.  8,  Pittsburgh,  or 
Connellsville  seam  has  in  places  an  extremely  bad  roof.  This  difficulty 
is  strongly  marked  in  the  Connellsville  basin,  but  can  be  found  in 
other  troughs.  .  .  .  The  thickness  of  the  coal  and  its  softness 
might  lead  one  to  anticipate  that  it  could  be  mined  cheaply,  but  the 
friable  roof  creates  a  difficulty  which  its  other  qualities  cannot  over- 
balance.   .     .     . 

.  •  .  ''I  have  projected  workings  at  depths  ranging  from  200 
to  700  feet,  using  a  dozen  or  more  different-  schemes,  and  have  never 
found  any  marked  difficulty  in  protecting  the  main  headings  and 
air-courses  of  any  mine.  But  I  have  experienced  some  trouble  occa- 
sionally in  protecting  the  branch,  or  butt,  headings,  and  I  have 
always  had  more  or  less  trouble  with  the  rib  coal  in  the  rooms. 

''It  is  true  that  in  many  cases  the  roof  will  fall  in  headings  and  air- 
courses  in  spite  of  all  that  can  be  done,  but  such  falls  are  gradual 
and  are  removed  as  part  of  the  regular  mine  operations.  On  the 
other  hand,  when  falls  occur  in  the  rooms  they  of  ten.  come  suddenly 
and  cover  a  large  area,  and  the  break  extends  so  far  above  the  coal 
that  they  often  reduce  and  may  entirely  cut  off  the  production  from 
a  certain  section  of  the  mine,  not  only  for  a  day,  but  perhaps  for 
weeks  at  a  time. 

"It  is  clear,  then,  that  any  improved  method  of  mining  must  pro- 
vide for  the  protection  of  the  rooms  rather  than  for  the  care  of  the 
headings.    .     .     . 

"Panels  have  been  projected  1,000  feet  wide  and  2,000  to  4,000 
feet  long.     .  .     Such  a  panel  is  subdivided  into  a  number  of 

smaller  panels  that  are  themselves  served  by  two  parallel  entries  driven 
at  right  angles  or  at  some  other  angle  to  the  flat  or  face  heading 
depending  on  the  pitch  of  the  coal.  These  are  knovni  as  butt  headings. 
These  sub-panels  are  generally  1,000  feet  long  and  300  to  600  feet 
wide. 

"Various  widths  have  been  chosen  for  rooms  with  8  to  30  feet 
as  limits,  but  the  general  belief  is  that  rooms  and  headings  should  be 
driven  10  feet  wide  in  the  Connellsville  region.  There  seems  to  be 
no  opportunity  to  improve  on  this  width.  The  best  work  has  been 
obtained  with  large  room  ribs — 50,  70  and  90  feet  thick;  but  the 
success  has  not  been  as  great  as  might  be  expected,  though,  with  room 
ribs  of  the  two  larger  dimensions,  and  with  any  ordinary  care  in 
mining,  a  general  creep  or  squeeze  cannot  occur. 
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"This  is  not  true  when  room  ribs  are  made  of  smaller  dimensions, 
such  as  30,  40  or  even  50  feet.  In  the  initial  stage  of  rib  drawing  with 
sach  light  ribs  great  sueeess  is  secured,  but  when  trouble  occurs  it 
is  usually  in  the  form  of  a  general  squeeze  or  creep  that  almost 
paralyzes  the  output.  It  has  often  seemed  for  a  time  that  the  small 
ribs  in  the  rooms  resulted  in  cheaper  mining;  but  when  a  squeeze 
or  creep  took  place  the  small  rib  did  not  permit  of  the  driving  of  a 
new  road  with  safety  and  profit,  and  consequ^itly  the  coal  remain- 
ing in  the  rib  could  not  be  taken  out. 

"With  70-,  80-,  or  90-foot  ribs  there  is  always  sufficient  coal  left 
to  permit  driving  a  new  road  with  safety  through  the  pillar  no  matter 


Feo.  19.    PUiLAB  BaAwmo  in  GoNMZLLsyniLi;  Pa.,  Distbiot 


how  badly  the  roof  may  have  fallen  or  the  coal  be  shattered  on  the 
edges  of  the  pillars. 

"Nearly  all  experienced  miners  concede  that  with  narrow  ribs 
only  50  per  cent  of  the  coal  is  recovered.  The  best  results  claimed 
is  65  per  cent,  while  90  and  95  per  cent  has  often  been  recovered  with 
the  larger-rib  system.  The  problem  is  whether  the  heavy  cost  of  timber 
and  the  still  greater  cost  of  labor  will  counterbalance  the  loss  of  from 
35  to  50  per  cent  of  coal.  I  am  disposed  to  believe  that  the  larger 
rib,  making  a  larger  yield  possible,  will  assure  a  handsome  margin." 

Fig.  19  illustrates  a  modem  method  of  pillar  drawing.*  In  this 
method  a  cut  is  made  across  the  pillar,  and  an  8-foot  stump  is  left ; 
then  this  stump  is  taken  in  a  retreating  direction  in  from  two  to 
four  sections,  according  to  the  width  of  the  pillar.  In  the  example 
given  the  rooms  are  12  feet  wide  and  are  on  84-foot  centers.    After 


Onnnlnriism,  V.  W..  "The  Bett  Method  of  Remorinf  Coal  Pillan,"  Ooal  Hin.  Intt. 
'.,  p.  27li,  1910;  p.  86.  1911. 
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the  removal  of  the  coal  in  each  section,  the  props  are  drawn  and 
the  roof  is  allowed  to  fall,  the  break  being  controlled  by  a  row 
of  props  across  the  end  of  the  cut.  After  the  last  section  of  the 
stump  has  been  taken  out,  the  last  of  the  track  drawn,,  and  the 
roof  dropped  across  the  room  on  the  line  of  the  end  of  the 
remaining  pillar,  another  cut  is  made  across  the  pillar  and  the 
process  continues.  While  the  falls  represented  in  the  sketches  appear 
to  be  large,  a  better  break  is  obtained  with  these  than  with  short 
falls.  This  method  has  proved  to  be  safer  for  the  miners  and  to  give 
a  greater  recovery  of  posts  and  coal  than  the  methods  which  pre- 
ceded it. 

A  highly  developed  and  systematized  room-and-pillar  method  is 
the  so-called  concentration  method  used  in  some  of  the  mines  of 
the  H.  C.  Prick  Coke  Company,*  and  developed  largely  by  Patrick 
Mullen,  one  of  the  company's  inspectors.  This  method  was  designed 
to  satisfy  certain  requirements,  among  which  were  safety  of  operation, 
completeness  of  extraction,  reduction  of  cost  through  the  greater  use 
of  machines,  and  an  increase  of  daily  output  per  man.  A  patent  cov- 
ering this  method  has  been  applied  for. 

It  is  well  understood  that  liability  to  accidents  is  decreased  by 
close  supervision.  Under  the  older  system  in  the  Connellsville  region, 
it  was  possible  for  the  face  boss  to  visit  each  working  place  only 
once  in  two  or  three  days.  In  order  to  increase  the  amount  of  super- 
vision without  increasing  the  number  of  ofScials,  the  plan  of  getting 
the  working  faces  closer  together  was  tried;  this  plan,  however,  neces- 
sitated a  decrease  in  the  number  of  working  places  and  in  the  number 
of  workmen,  and  it  was  realized  that  only  by  increasing  the  production 
of  each  miner  could  the  output  of  the  mine  be  kept  up. 

The  only  possible  way  of  increasing  the  output  per  man  was  by 
replacing  pick  work  with  machine  work.  This  substitution  was  made 
in  room  work;  but  it  was  found  that,  on  account  of  narrow  headings 
and  narrow  rooms  with  large  room  centers,  machines  in  the  narrow 
work  alone  would  not  accomplish  the  desired  results,  since  the  bulk 
of  the  coal  comes  from  the  pillars.  The  problem  of  the  use  of  ma- 
chines for  pillar  extraction,  which  was  an  entirely  new  one  in  the  Con- 
nellsville district,  has  been  worked  out  very  successfully  (see  Pig,  20). 

*MaUeii,  Patrick,  "New  Mining  Metbods  m  Prfteticed  by  the  H.  0.  Friek  Odke  Oom- 
peny,"  Proe.  Ingrt.  Soe.  W.  Pe^  Vol.  82,  p.  714,  1016;  Ooel  Age,  Vol.  10,  p.  700,  1016; 
HowBTth,  W.  Hn  "Mining  bj  Oonoentntion  Method.'*  Ooel  Min.  Intt.  Amer.,  Dee.  23,  1916; 
Goal  Age,  Vol.  0,  p.  126,  1916. 
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The  mine  is  blocked  by  driving  at  A  double  butt  entries,  10  feet  wide 
on  50-foot  centers  and  1,200  feet  long,  across  the  panel  with  break- 
throughs every  100  feet;  the  pairs  of  butt  entries  being  driven  350 
feet  apart,  the  panel  is  divided  into  blocks  about  350  by  1,200  feet 
These  blocks  are  then  subdivided  into  blocks  about  90  by  100  feet, 
by  12-foot  face  rooms  at  B  350  feet  long  on  112-foo^  centers,  driven 


FlO.  20.     OONOINTKATION  MXTHOD  IN  Ck)NNELLSVILLE,  Pa.,  DISTRICT 

at  right  angles  to  the  butt  entries  and  connected  by  10-foot  break- 
throughs on  100-foot  centers.  A  pillar  of  this  size  is  considered  ample 
to  support  any  thickness  of  cover  under  any  conditions  of  floor  or 
cover  to  be  found  in  the  Connellsville  region.  In  this  manner  a 
whole  panel  can  be  prepared  for  the  intensive  part  of  the  work  in 
which  butt  rooms  are  driven  from  the  face  rooms  10  feet  wide  on 
25-foot  centers. 

As  the  main  face  room  advances,  the  necks  of  the  butt  rooms  to 
be  driven  are  excavated  to  a  depth  of  three  machine  cuts.  After 
a  main  face  room  has  been  advanced  50  feet,  there  are  available 
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for  the  machine  to  cut  two  places  which  allow  a  production  of  forty 
tons;  and  when  the  room  has  advanced  to  a  point  where  the  first  cross- 
cut is  turned  off,  there  are  three  places  to  cut  in  each  main  face  room 
yielding  sixty  tons.  This  main  room  may  continue  to  the  end  of 
the  section  or  to  the  end  of  the  coal  field,  butts  or  producing  entries 
being  turned  oS,  at  projected  distances.  It  is  necessary  that  the  oper- 
ation be  carefully  planned  and  that  the  proper  order  of  the  work 
be  closely  adhered  to.  Fig.  21  shows  the  general  schedule  of  oper- 
ations with  the  position  of  the  line  of  roof  fracture  at  different  dates. 
It  is  claimed  that  the  general  plan  can  be  easily  modified  to  suit  all 
conditions  such  as  depth  of  cover,  presence  or  absence  of  draw  slate, 
and  nature  of  coal,  bottom,  and  roof. 

The  projection  takes  three  forms  known  as  (a)  maximum,  (b) 
medium,  and  (c)  minimum,  according  to  the  rate  at  which  coal  is 
produced  (see  Fig.  22.)  The  maximum  plan  is  applicable  where 
the  thickness  of  cover  does  not  exceed  125  feet,  where  the  coal  is 
hard,  and  where  the  general  physical  conditions  of  roof  and  bottom 
are  good.  The  medium  plan  is  applicable  ^ere  the  cover  does  not 
exceed  250  feet  with  the  same  physical  conditions  of  the  coal,  bottom, 
and  roof  as  for  the  maximum  plan.  The  minimum  plan  may  be 
applied  to  coal  underlying  any  thickness  of  cover ;  the  coal  may  be  hard 
or  soft,  and  the  physical  conditions  of  roof  and  bottom  may  be 
good  or  bad,  provided,  of  course,  that  mining  machines  in  any  form 
can  be  used. 

With  the  minimum  plan,  the  butt  rooms  are  driven  in  succession 
so  that  each  room  is  50  feet  beyond  the  one  succeeding.  Two  butt 
rooms  advancing  furnish  40  tons  and  one  butt  rib  retreating  furnishes 
40  tons,  or  a  total  of  80  tons  on  the  retreat;  the  main  face  room  ad- 
vancing yields  60  tons,  or  a  total  of  140  tons  from  one  main  face 
room.  These  quantities  apply,  of  course,  to  coal  of  the  thickness  of 
that  mined  in  the  Connellsville  basin  —  about  7  feet. 

The  medium  plan  will  yield  the  same  tonnage  from  the  advancing 
main  rooms,  but  the  retreating  work  is  so  arranged  that  the  face 
of  each  butt  room  is  30  feet  behind  that  of  the  preceding  room. 
This  arrangement  allows  three  butt  rooms  to  be  advanced  at  a  time 
with  a  production  of  60  tons,  while  two  butt  ribs  are  being  extracted 
with  a  production  of  80  tons;  thus  140  tons  are  taken  froni  the  butt 
rooms  and  ribs  and  60  tons  from  the  advancing  main  rooms,  a  total  of 
200  tons  for  each  main  room. 
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In  the  maxiinum  plan  the  working  of  the  butt  rooms  is  so  timed 
that  the  face  of  one  room  is  15  feet  behind  the  face  of  the  pre- 
ceding one;  four  butt  rooms  are  advanced  and  four  butt  ribs  are 
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FlO.  22.     Ck>N0XNTR4TI0N    MSTHOD — MAXIMUM,   MSDIUM,   AND   MINIMUM    PLANS 

simultaneously  withdrawn.  The  four  advancing  butt  rooms  will  pro- 
duce 80  tons  and  the  four  retreating  butt  ribs  will  produce  160  tons. 
With  the  60  tons  produced  from  the  advanced  main  room,  there  is 
thus  produced  300  tons  for  each  main  room. 

The  work  is  thoroughly  systematized  and  proceeds  with  great  regu- 
larity.   After  the  miner  has  cleaned  up  his  place  and  the  day's  run 
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is  oompletedy  the  maohine  crew  enters  and  cuts  the  place  to  a  depth  of 
approximately  7  feet.  Following  the  machine  crew,  the  timber 
men  reset  any  posts  which  the  machine  men  have  removed,  post  up 
any  cross  bars  which  have  been  notched  in  the  coal  over  the  machine 
cut,  and  put  the  place  in  good  condition  according  to  a  prescribed 
qmtem  of  timbering.  The  timber  men  are  followed  by  the  driller 
who  bores  the  holes  with  an  electrically  driven  drill.  The  driller  is 
followed  by  the  shot  firer  who  charges  and  tamps  the  hole,  and  after 
an  examination  of  the  conditions,  fires  the  charge.  After  the  coal  has 
been  riiot  down,  empty  cars  are  placed  by  the  gathering  locomotives 
so  that  when  the  loader  arrives  at  his  working  place  in  the  morning 
he  finds  it  in  safe  condition,  the  coal  ready  to  load,  and  the  empties 
in  place.  Miners  loading  under  these  conditions  regularly  obtain 
18  to  20  tons  per  shift.  The  average  of  the  loaders  for  short-wall 
miniiig  machines  in  all  mines  of  the  company  for  the  mcmthi  of 
August,  1916,  was  approximately  nineteen  tons  per  shift.  At  mines 
where  there  is  a  full  equipment  of  mining  machines,  the  machine 
coal  nms  from  80  to  90  per  cent  of  the  total  output.  The  recovery 
under  the  concentration  system  is  from  90  to  92  per  cent,  while  under 
the  ordinary  methods  it  is  80  to  85  per  cent.*  In  the  values  given, 
the  top  or  bottom  coal  left  in  place  is  not  considered.  The  aver- 
age thickness  of  top  coal  left  is  about  6  inches  and  the  values  for  ex- 
traction, based  on  the  entire  thickness  of  the  seam  would  be  some- 
what lower  than  the  values  given.  Coal  is  left  for  two  reasons.  In 
the  entries,  from  6  to  8  inches  of  top  coal  is  left  as  a  protection.  In 
the  room  work,  such  top  or  bottom  coal  is  left  in  place  as  is  neces- 
sary to  keep  the  sulphur  content  of  the  coke  made  from  the  coal  down 
to  the  required  amount.  It  is  found  that  the  highest  sulphur  content 
of  the  bed  occurs  at  the  top  or  at  the  bottom  and,  by  frequent  analyses, 
it  is  determined  how  much  of  this  top  and  bottom  coal  may  be  left. 

22.  Central  Pennsylvania. — ^A  method  known  locally  as  the  **Big 
Pillar  System"  has  been  developed  to  meet  conditions  incident  to  the 
soft  bottom  in  the  Lower  Eittanning,  *  *  B, ' '  or  Miller,  bed  in  the  south- 
em  and  eastern  parts  of  Cambria  County,  and  in  the  adjoining  terri- 
tory.! 

The  physical  conditions  for  which  this  system  was  developed 
include  a  hard  roof,  very  difficult  to  break,  and  a  soft  fire  day  bot- 

*Djkimon,  T.  Wn  Pttnonal  Oommunioatioii. 

tSiniman.  W.  A..  "Blf  PUIar  Sjctem  of  Hininc,"  Proc.  OoiU  Min.  Insi.  Amar..  p.  7«. 
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torn.  A  sand  rock  from  10  to  40  feet  thick  occurs  above  the  coal; 
but  between  this  sand  rock  and  the  coal  there  is  usually  from  1  to 
6  feet  of  slate  or  sandy  shale,  which  is  more  or  less  affected  by  the 
air  and  which  breaks  away  from  the  sand  rock,  especially  in  the  road- 
ways. The  falling  of  this  top  tends  to  relieve  the  pressure,  but  not 
enough  to  prevent  squeezing.  The  worst  squeezes  are  encountered 
where  the  sandstone  is  only  10  feet  thick. 


Fio.  23.     "Big  Pillar"  Method  TJbtd  in  Cambria   Gountt,  Pa. 

Under  these  conditions,  the  ordinary  system  of  turning  rooms  with 
40-,  50-,  or  60-foot  centers  does  not  work  satisfactorily.  When  the  room 
pillars  are  drawn  back  to  the  stump,  under  the  ordinary  system  the 
pressure  is  so  great  that  a  stump,  even  30  or  40  feet  square, 
will  not  protect  the  entry.  Instead  of  breaks  occurring  in  the  roof 
along  the  line  of  the  stumps  the  bottom  breaks  and  heaves,  and 
squeezes  occur.  Since  the  coal  is  soft  and  has  a  columnar  fracture, 
the  stump  is  badly  crushed,  and  no  amount  of  timbering  is  sufficient 
to  prevent  the  closing  of  the  entry.  Thousands  of  feet  of  entry  and 
much  coal  have  been  lost  as  the  result  of  squeezes  in  a  bed  of  this 
kind.  The  bed  is  only  about  3^  feet  thick  so  that  it  is  necessary  to 
take  up  the  bottom,  and  the  provision  of  space  for  storing  bottom  is 
one  of  the  considerations  involved  in  planning  this  system.  The 
average  dip  is  about  eight  per  cent. 

In  the  ''Big  Pillar"  method  (Fig.  23),  haulage  entries  are  driven 
on  the  strike  and  rooms  are  turned  up  the  pitch.  Entries  are  10 
or  12  feet  wide.  Booms  are  turned  on  100-foot  centers  from  the 
entries,  and,  at  a  distance  of  from  100  to  125  feet  from  the  entry, 
rooms  called  ''crooked"  rooms  are  turned  at  right  angles,  that  is, 
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parallel  with  the  entry.  There  is  thus  left  along  the  side  of  the 
entry  a  series  of  blocks  75  by  75  feet  or  75  by  100  feet,  according  to 
the  length  of  the  rooms  driven  from  the  entry.  As  soon  as  a  crooked 
room  has  intersected  the  straight  room  toward  which  it  is  being 
driven,  an  intermediate  room  is  turned  up  the  pitch  from  the  crooked 
room;  thus  the  rooms  above  the  crooked  rooms  have  50-foot  centers. 
The  straight  rooms  are  driven  to  such  distances  that  the  roof  will 
break  at  the  edge  of  the  big  pillar  or  by  settling  will  relieve  the 
strain.  Sometimes  they  are  only  250  feet  long,  and  sometimes,  under 
heavy  cover,  as  much  as  400  feet. 

When  the  straight  rooms  are  started,  they  are  widened  on  the 
outby  side  so  that  the  cross,  or  crooked,  room  can  be  turned  off  the 
straight  rib,  a  matter  of  importance  because  of  the  necessity  of  storing 
bottom  which  is  taken  up  in  the  roadway.  Beyond  the  crooked  rooms, 
the  straight  rooms  are  widened  on  the  inby  side;  thus  the  men  who 
drive  a  room  are  able  to  start  the  drawing  of  the  pillar  as  soon  as  the 
room  is  finished.  The  room  pillars  are  drawn  back  to  the  crooked 
rooms,  and  the  irregular  little  blocks  caused  by  the  necks  of  these 
rooms  are  removed  as  completely  as  possible.  The  big  block  is  then 
left  standing  to  serve  as  a  barrier  to  protect  the  entry,  and  if  the 
space  mined  out  is  sufficiently  broad,  the  roof  will  usually  break. 
Even  if  the  roof  does  not  break,  the  strain  seems  to  be  relieved  before 
reaching  the  entry.  The  upper  edge  of  the  big  pillar  may  be  badly 
crushed,  and  the  roadway  of  the  room  may  be  heaved  almost  down 
to  the  entry,  but  the  entry  itself  will  be  practically  unaffected. 

When  the  entry  is  finished  and  the  stumps  are  being  drawn,  the 
system  presents  a  special  advantage  in  that  a  better  output  can  be 
obtained  than  with  the  smaller  stumpii.  Where  stumps  are  small,  the 
output  is  limited  to  the  work  of  two  gangs,  but  with  the  big  pillars 
eight  or  ten  places  may  be  worked  at  all  times  on  the  retreat.  The 
big  pillars  are  split  by  a  room  driven  up  from  the  entry  at  the  same 
time  that  a  skip  is  taken  along  the  rib  of  the  old  room.  These  two 
working  places  are  cut  through  to  the  old  falls  about  the  same  time, 
and  the  intervening  portions  of  the  pillars  are  brought  back.  This 
method  leads  to  large  recovery  of  coal,  although  there  are  no  state- 
ments available  concerning  the  exact  percentage.  There  is  some  loss 
in  the  extraction  of  the  pillars,  and  the  coal  at  the  edge  of  the  big 
pillars  is  badly  crushed.  The  method  is  not  used  in  other  beds  in 
the  same  district,  because  the  conditions  are  better. 
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In  the  Somerset  County  district,  there  has  been  developed  a  panel 
system  which  permits  a  high  degree  of  concentration  of  work  and  a 
large  percentage  of  extraction.  The  coal  is  low,  and  the  miner  is 
obliged  to  push  his  cars  to  the  face  of  the  room  and  to  drop  them  down 
to  the  entry.  The  seam  often  dips  from  two  to  five  per  cent,  and  butt 
entries  are  driven  off  the  main  haulage  slope  on  a  grade  of  one  per  cent 
in  favor  of  the  load.  From  these,  entries  are  driven  to  the  rise  at 
convenient  distances,  from  which  rooms  are  turned  on  the  strike  of 
the  bed.  Not  only  does  the  method  result  in  a  high  i>ercentage  of 
extraction  and  facilitate  the  handling  of  the  cars  by  hand  in  the 
rooms,  but  it  also  concentrates  the  work  of  mining.  Two  men  work- 
ing together  will  produce  from  ten  to  twelve  tons  of  piek-mined  ooal 
per  day,  but  when  the  men  work  singly  it  has  been  found  that  a  good 
miner  can  load  from  seven  to  eight  tons  x>er  day.*  Under  this  system, 
the  total  extraction  is  reported  to  be  about  93  i>er  cent.  About 
50  x>^r  cent  of  the  coal  comes  from  rooms  and  entries,  and  the 
remainder  from  pillars,  t  This  method  is  similar  to  that  illustrated 
in  Fig.  32,  page  102,  which  shows  a  plan  of  operation  of  the  Carbon 
Coal  Company  in  West  Virginia. 

Because  of  the  recognized  objections  to  the  room-and-pillar  system, 
much  attention  has  been  given  to  the  possibility  of  employing  the 
long-wall  system  in  the  Pittsburgh  bed  and  in  other  beds  of  western 
Pennsylvania.  So  far  as  can  be  learned,  there  is  only  one  mine  at 
which  a  long-wall  system  is  being  used  in  these  districts,  although 
there  is  an  approach  to  it  in  some  so-called  ''panel  long-wall"  or 
''block  long-widl"  methods.  In  these  methods,  dependence,  however, 
is  not  placed  on  the  weight  to  break  down  the  coal;  in  fact,  weight 
at  the  face  is  prevented  so  far  as  possible  by  causing  the  roof  to  break 
near  the  face. 

It  is  worth  while  to  review  some  of  the  experiments  in  the  intro- 
duction of  long-wall  methods,  because  it  is  only  by  these  methods 
that  complete  extraction  is  attained,  although  there  is  a  close  approach 
to  it  in  the  best  applications  of  some  forms  of  pillar  working. 

One  of  the  attempts :(  was  started  about  1899  in  the  Lower  Eittan- 
ning,  "  B,"  or  Miller,  bed  where  the  coal  was  from  3  feet,  6  inches 


*Maier,  John.  "Minlnf  by  Concentration  Methodi,"  Oo«l  Age.  Vol.  9,  p.  845,  191«. 

fOoss,  Bdward  tf..  Pcnonal  Oommunieation. 

%  ClMd&orn,  Clarence  R.,  "A  Modiiled  Lonrwall  Syatem,*'  Mines  and  Mineral!.  Vol.  22. 

fel6:  Thomas,  J.  I.,  "Mechanical  OonTeyprs  as  Appued  to  LonrwaU  MUiiac,*'  Proe.  Coal 
n.  Inst.  Amer..  p.  55.  1907;  Delano.  Warren,  Personal  Oomnmnieatioa. 
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to  3  feet,  10  inches  in  thickness,  and  had  an  average  dip  of  eight 
per  cent.  The  roof  was  of  blue  slate  and  the  floor  of  hard  fire  clay. 
Most  of  the  coal  lay  under  a  fairly  level  surface  about  174  feet  thick, 
near  the  top  of  which  was  a  moderately  hard  sandstone.  The  plan 
adopted  involved  blocking  out  the  mine  with  entries  and  taking  out 
the  coal  in  each  entry  on  the  retreat.    The  faces  were  250  to  300  feet 


Fig.  24.    Block  Lono-wall  with  Facs  Gonyetobs 

long.  One  machine-cut  produced  from  125  to  150  tons  of  coal.  Break- 
rows  were  made  of  stout,  round,  hardwood  posts,  6  to  8  inches  in  diam- 
eter. These  were  capped  with  a  2-inch  lid  of  soft  wood  set  on  a  little 
slack  to  facilitate  drawing.  It  was  found  that  the  track  along  the 
face  took  up  too  much  space,  and  a  conveyor,  which  was  put  in  made  it 
possible  to  set  the  props  closer  to  the  face.  At  first  there  were  two 
faces,  one  slightly  in  advance  of  the  other,  each  served  by  a  conveyor 
which  delivered  coal  to  cars  let  down  the  block  entry.  Later,  as 
shown  by  Fig.  24,  a  conveyor,  by  which  the  coal  was  lowered  to  the 
cars  on  the  level,  was  installed  in  the  block.  Because  of  the  unfavor- 
able trade  conditions  in  1907,  operations  could  not  be  carried  on 
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with  the  regularity  essential  to  the  success  of  the  system  as  then  used. 
The  attempt,  accordingly,  was  temporarily  abandoned,  but  a  revival 
of  the  plan  is  being  seriously  considered. 

Another  attempt  at  long-wall  mining  was  made  with  very  similar 
mechanical  arrangements  in  the  Cement  seam  near  Johnstown.  In 
this  instance  two  faces  were  cut,  but  a  shortage  of  power  compelled 
the  abandonment  of  the  experiment  before  the  second  face  had  been 
completed.  Until  that  time  the  mining  had  been  economical  and  the 
recovery  was  almost  perfect.* 

At  present  the  Maryland  Goal  Company  of  Pennsylvania  is  using 
eight  long-wall  conveyors  at  St.  Michael.  The  coal  is  about  forty-two 
inches  thick.  No  description  of  the  operation  is  available,  but  it  is 
evidently  considered  successful,  as  the  number  of  conveyors  is  being 
increased.  Two  other  companies  in  Pennsylvania  and  one  in  Mary- 
land have  recently  decided  to  employ  the  same  method.! 

23.  Summary  of  Pacts  Relating  to  the  Percentage  of  Recovery 
in  Pennsylvania. — ^The  recovery  in  the  Pittsburgh  bed,  not  including 
the  coke  district,  is  estimated  to  be  about  80  per  cent.  This  esti- 
mate is  made  on  the  following  basis :  The  actual  tonnage  mined  is  com- 
pared with  the  computed  tonnage  of  the  district  worked  out;  every- 
thing between  the  fire  clay  and  the  drawslate  is  included,  and  no  deduc- 
tion is  made  for  impurities  in  the  bed  or  for  the  average  thickness 
of  four  inches  left  on  the  bottom.  This  computation  is  obtained  from 
one  of  the  largest  operating  companies  of  the  district  and  is  based 
upon  actual  measurements.  It  is  the  opinion  of  this  company,.a8Sum- 
ing  that  this  method  of  calculation  is  used,  that  85  per  cent  is 
probably  the  best  possible  recovery  in  this  district  Some  other 
companies  claim  an  extraction  of  90  to  95  per  cent,  but  this  is  cal- 
culated after  deducting  the  coal  left  in  the  bottom,  the  bearing-in 
bands,  and  any  other  impurities  in  the  bed  which  are  taken  out  and 
not  weighed.  Such  high  recoveries,  of  course,  imply  careful  planning 
for  the  extraction  of  pillars  and  for  the  execution  of  this  work  with- 
out delay,  t 

Another  company  the  workings  of  which  lie  along  the  Monongahela 
Biver  south  of  Pittsburgh,  estimates  the  recovery  as  86.7  to  90.6 
per  cent. 


*  Moore,  M.  O^  Pononal  OommnnJomtion. 

t  Link-Belt  Oompanj,  Penonal  OommonicAtion. 

t  Sehluederberf  ,  O.  W^  Penonal  Oommunicfttion. 
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In  the  Connellsyille  district  the  best  practice  gives  from  80  to  85 
per  cent  with  the  methods  ordinarily  nsed  there.  With  the  new 
"concentration"  method  of  the  H.  G.  Frick  Coke  Company  a  recovery 
of  from  90  to  92  i>er  cent  is  obtained.* 

In  the  Johnstown  district  it  seems  impossible  to  obtain  estimates 
of  the  percentage  of  extraction,  because  all  the  seams  in  that  district 
▼aiy  in  thickness  within  short  distances,  and  are  somewhat  cut  up 
by  rolls.  In  some  seams,  for  example,  the  Miller  seam  in  the  vicinity 
of  South  Fork,  the  recovery  is  almost  perfect.  The  conditions  are 
favorable,  the  roof  being  well  adapted  to  extraction  of  pillar  stumps  in 
retreating.f 

One  of  the  companies  operating  in  Jefferson  County  claims  an 
extraction  of  90  per  cent.  The  operations  are  in  the  Lower  Free- 
port  bed,  and  conditions  are  somewhat  peculiar  because  of  bad  roof, 
lack  of  uniformity  of  the  seam,  and  faults.  Each  district  requires  indi- 
vidual development  before  an  estimate  can  be  made  of  the  proportion 
of  faults  to  the  whole  area,  and  it  is  impossible  to  make  an  accurate 
estimate  of  recovery  until  a  district  has  been  completely  worked  out. 
The  value  given  represents  the  proportion  of  coal  extracted  from 
the  area  mined  in  which  coal  existed,  and  does  not  apply  to  the  area 
of  faults,  t 

One  operator  in  Clearfield  County  estimates  an  extraction  of  95 
per  cent,  based  upon  the  amount  of  coal  mined  up  to  December, 
1916.tf 

One  of  the  companies  operating  in  Somerset  County  estimates 
that,  where  mines  are  operated  in  an  area  of  less  than  300  acres 
and  under  a  cover  not  exceeding  200  feet,  the  recovery  should  be,  and 
in  a  number  of  instances  is,  in  excess  of  90  per  cent.  In  the  case  of 
a  property  of  1,000  or  more  acres,  where  the  coal  extends  underneath 
a  hill  giving  cover  of  300  to  700  feet,  the  recovery  is  from  85  to  90 
per  cent.  Low  coal,  faults,  and  adverse  grades  still  further  reduce 
this  percentage.§ 

The  attainment  of  the  higher  percentages  in  Pennsylvania  has  been 
reached  only  within  very  recent  years,  and  is  not  yet  by  any  means 
universal.    There  are  still  in  operation  a  large  number  of  old  mines, 

*DawMii,  T.  W.,  Pononal  Oommanieatioii. 
t  Moort,  H.  Om  Penonal  OommunicAtioii. 
t  Van  Hdrn,  H.  M.,  Pcnoiua  Oommimteation. 
f  Penonal  Oommonicatioii. 
I  DtHmBrn^,  E.  A^  Penonal  Oommanieatlon. 


Digitized  by 


Google 


90  ILLINOIS  BNGINEBBING  BZPSRIMBNT  STATION 

mostly  small,  in  which  high  percentages  of  extraction  are  not  obtained. 
The  more  recent  operations  are  planned  for,  and  give,  probably  as 
high  a  yield  of  coal  as  can  be  expected  from  the  area  woriced. 

24.  Maryland. — ^In  the  Gtoorges  Greek  region  of  Maryland,  the 
Big- vein  coal  has  been  mined  for  about  one  hundred  years,  and  the 
methods  used  there  furnish  an  illustration  of  progress  in  coal  mming 
engineering  which  is  especiaUy  interesting  in  view  of  the  increasing 
attention  given  to  the  percentage  of  recovery. 

In  a  paper  on  maximum  recovery  of  coal,*  H.  V.  Hesse  discussed 
the  wasteful  early  methods  of  mining  in  the  Georges  Greek  region  and 
suggested  economic  methods,  as  follows : 

"A  region  of  unifonn  and  nnusnaUy  severe  conditions  in  the  bituminous  fields 
has  been  selected  to  illustrate  the  results  obtained  over  a  long  period.  The 
Georges  Greek  region  of  Maryland,  with  remarkable  deposit  of  serai-bitnminous 
'Big-vein'  coal,  has  operated  in  this  seam  and  shipped  to  the  market  for  nigh 
unto  a  hundred  years.  More  than  one  miner  still  lives  who  'dug 

coal'  before  the  war  with  the  South,  and  ...  he  tells  of  the  detaU  method 
of  extracting  the  coal,  on  account  of  which  thousands  of  tons  lie  buried  to-daj, 
much  beyond  recovery.     .     .     . 

"The  'Big- vein'  seam  occupies  the  geologic  horizon  of  the  Pittsbar|^  bad, 
but  differs  considerably  in  structure  and  quality  from  the  coal  of  Pittsburgh, 
Gonnellsville,  and  Fairmont.  .  .  .  The  top  coal  averaging  2  feet  thick  is  left 
up  for  a  roof.  Where  this  comes  down  the  strata  immediately  above  promptly  f ol* 
lows.  Very  little  of  this  top  coal  is  therefore  recovered.  Both  roof  and  breast  of 
the  seam  contain  slips  known  among  the  miners  as  'horsebacks,'  which  frequ^itly 
faU  out  without  any  warning.  The  coal  is  soft  and  the  'butts'  and  'faces* 
entirely  absent. 

"The  methods  of  extraction  in  vogue  at  different  periods  in  the  history  of 
this  field  have  established  the  fact  that  it  is  impossible  to  maintain  wide  work- 
ing places  for  any  length  of  time.  Headings  are  driven  8  feet  wide  and 
rooms  from  12  to  15  feet.  In  the  earlier  days  there  was  practically  no  definite 
system  of  extraction,  headings  and  rooms  being  driven  at  random  and  no  pillars 
recovered.  Fig.  25  shows  such  a  method  in  use  about  1850.  This  is  reproduced 
from  an  actual  survey  made  under  the  most  trying  circumstances.  ...  It 
is  estimated  that  fully  55  per  cent  of  the  original  coal,  not  counting  the  top 
coal,  remains  and  it  is  expected  to  recover  at  least  one-half  of  this,  or  27  per 
cent  of  the  original,  by  careful  operation  and  the  use  of  about  double  the  amonat 
of  timber  necessary  under  a  good  system  of  mining.    The  maximum  cover  over 


*HeM6,  H.  v..  "Maximum  Recorery  of  Go«1/'  Proc.  W.  Yft.  Coal  Mln.  Inst.,  p.  75. 
1908;  and  Uinm  and  MineraU.  Vol.  29,  p.  873. 
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this  district  is  300  feet  and  the  few  eomparatiTelj  large  pillars,  which  were 
inadyertentl7  left  standing  at  irregular  intervals,  saved  the  balance  from  being 
crushed.  In  other  sections  of  the  same  mine  where  a  similar  method  was  fol- 
lowed, but  these  large  pillars  not  left  in,  the  workings  are  entirely  dosed  and 
the  remaining  pillars,  containing  over  50  per  cent  of  the  original  coal,  probably 
lost  forever.  Fortunately  mining  operations  during  this  period  were  not  con- 
ducted on  a  large  scale  and,  consequently,  the  territory  thus  a£Fected  is  limited 
to  a  very  small  portion  of  the  company's  holdings. 

Fig.  26  "illustrates  two  methods  followed  during  the  years  between  1870 
and  1880.  These  workings  are  inaccessible  to  surveys  at  the  present  time  owing 
to  the  creeps  and  squeezes  induced  by  the  irregular  method  of  robUng  the 
small  pillars.  .  .  .  In  the  first  method  ...  the  rooms  were  14  feet 
wide  and  pillars  26  feet.  These  pillars  were  found  to  be  totally  inadequate  and 
extracting  them  impossible.  Cross-cutting  the  pillars  at  frequent  intervals  was 
then  attempted  after  completion  of  the  rooms,  but  this  was  generally  accom- 
panied by  creeps  dosing  a  whole  district  at  a  time.  The  maximum  height  of 
the  superincumbent  strata  in  this  territory  is  200  feet. 

"The  second  method  shown  on  Fig.  26  was  adopted  later.  ...  By 
this  method  headings  were  driven  from  the  main  entry  on  the  rise  of  the  seam 
at  intervals  of  1,000  feet  to  the  level  above,  and  two  pairs  of  cross-headings 
turned  to  the  right.  The  rooms  were  driven  from  these  cross-headings  at  50-foot 
intervals  and  14  feet  wide,  leaving  a  pillar  of  36  feet.  The  length  of  the  rooms 
varied  from  300  feet  to  550  feet.  These  pillars  were  also  of  insulBdent  size, 
robbing  was  conducted  spasmodically  and  although  more  coal  was  recovered  than 
in  the  adjoining  districts  a  great  deal  was  lost.  In  addition  to  the  small  piUars, 
the  method  of  robbing  them  was  calculated  to  promote  squeezes.  It  appears 
to  have  been  the  method  to  hold  the  strata  with  props  until  sulBdent  coal  had 
been  removed  to  enable  the  weight  to  break  the  props.  As  a  general  rule,  how- 
ever, before  this  was  attained  the  weight  had  induced  a  ereep  which  is  well  known 
to  have  no  limits  within  a  territory  of  small  pillars. 

Fig.  27  "represents  a  method  in  use  in  1890.  .  .  .  Booms  were  turned 
as  shown  from  all  headings  on  100-foot  centers  and  pillars  split  by  half  rooms. 
The  length  of  rooms  varied  from  300  feet  to  600  feet  and  they  were  14  feet 
wide,  leaving  pillars  42^^  feet  wide.  These  pillars  were  not  strong  enough  to 
support  the  overlying  strata  of  500  feet  and  the  usual  creep  resulted  when 
pillar  drawing  commenced.     . 

Fig.  28  "shows  a  method  adopted  in  1900.  The  maximum  dip  is  15  per 
cent  and  the  greatest  thickness  of  superincumbent  strata  425  feet.  The  dope, 
together  with  paralld  air-course  and  manway,  are  sunk  on  the  heaviest  dip  of  the 
coal  and  double  entries  turned  o£F  to  right  and  left  at  intervals  of  1,000  feet 
on  grades  of  1%  per  cent  to  2%  per  cent  in  favor  of  the  loads.  From  these 
haulways,  cross.headings  are  deflected  at  intervals  of  240  feet  at  an  angle  of 
about  25  jdegrees  and  driven  on  a  grade  of  4  per  cent  to  7  per  cent.  Booms 
varying  in  length  from  100  to  800  feet  are  turned  on  the  rise  of  the  coal  from 
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theee  crofls-headings.  The  rooms  are  driven  15  feet  wide  on  65-foot  centers, 
leaving  pillars  50  feet  wide.  Twenty-five  rooms  are  driven  in  each  of  these 
diagonal  panels.  Unnsnally  large  protecting  pillars  are  left  along  the  main 
haulage  roads.  This  system  has  been  found  to  be  especially  adapted  to  rapid 
gathering  of  cars  thus  ensuring  a  large  tonnage.  It  has  been  found,  however, 
that  a  very  large  recovery'  from  the  pillars  is  impossible,  owing  to  the  many 
sharp  angles,  which,  in  a  thick  seam  of  soft  coal,  are  always  difficult  and  ofttimes 
impossible  to  extract.  This  sharp-angle  method  was  even  resorted  to  formerly 
in  cross-cutting  the  pillars  preparatory  to  drawing  them,  but  this  has  been  changed 
to  a  rectangular  method,  thereby  increasing  the  actual  percentage  of  pillar  coal 
recovered  from  80  per  cent  to  83  per  cent.  The  distance  of  rooms  apart  has  also 
been  increased  in  the  last  few  years  to  100-foot  centers  giving  pillars  85  feet 
thick.  It  is  expected  that  the  extraction  of  these  will  show  a  further  increase 
in  the  percentage  of  yield  from  pillars.  The  present  yield  from  headings,  rooms, 
and  pillars  under  this  system  is  about  90  per  cent,  considering  the  recovery  f roni 
headings  and  rooms  as  100  per  cent. 

Fig.  29  "iUustrates  a  method  instituted  in  the  latter  part  of  1904.  The 
main  haulway  is  an  extension  of  the  slope  from  the  opposite  side  of  the  basin. 
Double  entries  are  turned  off  from  this  entry,  on  1^-per  cent  grade,  400  feet 
apart,  from  which  rooms  are  driven  directly  on  the  rise  of  the  coal.  Booms  are 
from  13  feet  to  15  feet  wide  and  .  .  .  they  are  driven  at  100-foot  intervals, 
leaving  a  pillar  85  feet  wide.  The  length  of  a  panel  is  about  2,500  feet,  con- 
taining 22  rooms.  There  are  five  such  panels  in  this  district  and  when  completed 
it  is  proposed  to  draw  the  pillars  in  a  retreating  fashion  with  the  line  of  pillar 
work  on  an  angle  of  45  degrees  across  the  whole  district.  A  similar  method  in 
another  district  ...  is  yielding  88%  per  cent  from  the  pillars  with  a 
total  recovery  of  94  per  cent  from  headings,  rooms,  and  pillars  ...  the 
greatest  height  of  the  overlying  strata  is  250  feet.'' 

Qeorge  S.  Brackett  states*  that  in  1898  he  made  sone  careful 
estimates  of  the  percentage  of  recovery  over  a  period  of  a  year  in  the 
Georges  Creek  region  of  Maryland.  The  data  for  the  computations 
were  obtained  from  two  mines  which  were  worked  under  the  follow- 
ing general  conditions : 

The  thickness  of  coal  was  7  feet,  3  inches;  the  inclination 
was  5  to  18  degrees;  the  system  of  mining  was  the  room-and- 
pillar  retreating  method.  All  the  entries  were  driven  to  the 
boundary  before  any  rooms  were  opened,  and  a  good  line  was 
maintained  on  the  drawing  of  pillars.  No.  1  mine  had  mod- 
erate grades,  and  a  better  roof  than  No.  2.    No.  2  had  grades 
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as  steep  as  18  per  cent,  and  the  roof  was  decidedly  heavy  on 

pillar  workings. 

The  following  results  were  obtained : 

Per  Oent  of  POlftn  Ob- 
ToUl  Per  Oent  Uined,   Indudinc 

■  of  Extraction  Chain    and    Barrier 

No.  1  Mine 97.6 97.0 

No.  2  Mine 82.1 71.3 

The  average  total  recovery  of  the  two  mines  was  nearly  90 
per  cent. 

25.  West  Virginia. — ^The  modem  methods  used  in  the  large 
mines  of  West  Virginia  are  among  the  most  advanced  found  in  this 
country.  In  many  parts  of  the  state,  coal  mining  is  carried  on  by 
lai^e  corporations  which  are  financially  able  to  conduct  operations 
with  a  view  to  ultimate  economy.  In  most  cases  this  ability  has  re- 
sulted in  the  development  of  methods  of  operation  which  lead  to  very 
high  percentages  of  extraction. 

In  the  Fairmont  district  in  the  northern  part  of  the  state,  the 
more  recently  opened  mines  are  planned  for  large  production  and  a 
high  percentage  of  extraction.  According  to  the  West  Virginia 
(^logical  Survey,  the  Pittsburgh  bed,  which  is  the  one  mined  in  this 
district,  contains  more  than  7  feet  of  clean  coal*  and  the  average 
total  thickness  of  the  bed  is  about  8  feet.  The  newer  mines  are 
projected  on  the  panel  system;  the  last  rooms  on  each  room  entry 
are  turned  first,  and  the  pillars  are  drawn  immediately,  a  line  of 
break  being  maintained  at  an  angle  of  about  45  degrees  with 
the  entries.  A  plan  of  operation  used  in  this  district  is  illustrated  by 
Fig.  30.  The  method  of  attacking  pillars  is  shown  in  Fig.  31.  One 
of  the  principal  operators  in  the  Fairmont  district  estimates  the  re- 
covery, where  mines  are  laid  out  systematically  on  the  panel  system, 
to  be  from  85  to  90  per  cent  of  the  entire  seam.t 

A  company  operating  to  the  south  of  Fairmont  estimates  that 
85  per  cent  is  a  good  recovery.  In  the  workings  of  this  company,  the 
rooms  represent  27  per  cent  of  the  total  area;  the  pillars  down  to  the 
heading  stump,  39  per  cent ;  and  the  chain  and  barrier  pillars,  34  per 
cent.  The  recovery  in  these  three  classes  of  working  would  be  re- 
spectively, 100,  90,  and  70  per  cent.    This  would  give  a  total  yield 
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of  86  per  cent.    This  company  has  no  very  accurate  figures  on  re- 
covery.* 

In  the  mines  in  the  Freeport  coal  bed  in  the  Piedmont,  or  Elk 
Oarden,  district,  there  is  ordinarily  a  good  shale  roof,  although  there 


Pro.  30.    Plan  op  Wobkino — Faibmo  nt,  West  Viboinia,  District 

are  places  in  which  the  shale  is  replaced  by  sandstone.  In  the  mines 
in  the  Eittanning  bed  there  are  from  3  to  14  feet  of  shale 
above  the  coal,  and  above  this  are  40  feet  of  sandstone,  although 
there  are  places  where  the  sandstone  forms  the  roof  for  short  dis- 
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tances.    The  percentage  of  extraction  in  this  region  is  about  90  per 
cent;  in  most  of  the  new  mines,  however,  an  extraction  of  97  or 


Ol 


^'  Undercuf 


^Bnd  of  barrier,  or  tine  of  m^t* 
heading  before  coat  wets 

€}^fracfec^     ^^^ 
To  /^emamW"^-^'^'^'' 


WMMM 


Fig.  31.    Pillar  Dbawino  in  Fairmont,  West  Viroinia,  District 

98  per  cent  is  being  reached.  This  rate  of  recovery  is  higher  than 
it  formerly  was,  because  changes  have  been  made  in  the  order  of 
driving  rooms  and  drawing  pillars.  The  earlier  custom  was  to 
drive  long  entries,  from  which  rooms  were  turned,  on  the  advance. 
The  room  pillars  could  not  be  drawn  until  the  entry  was  finished 
because  of  the  danger  of  squeezes,  and  as  this  process  sometimes  occu- 
pied four  or  five  years,  falls  occurred  which  made  it  impossible  to 
recover  a  high  percentage  of  the  pillars.  Under  the  present  system, 
room  entries  are  driven  long  enough  for  20  rooms,  and  the  inside 
room  is  turned  first.  Work  on  room  pillars  is  commenced  as  soon 
as  rooms  19  and  20  are  finished,  and  room  and  entry  pillars  are 
taken  out  rapidly.  Nearly  all  the  pillar  work  is  done  with  picks, 
and  there  is  little  machine  work  carried  on  in  the  district.  The  pil- 
lars are  attacked  by  cross-cuts,  and  a  stump  about  four  feet  wide 
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is  left  next  to  the  end.  This  stump  is  removed  as  soon  as  the  cut 
through  the  pillar  is  finished.* 

In  the  Central  West  Virginia  district  the  operations  are  in  the 
Lower  Eittanning  bed  which  averages  6%  feet  in  thickness,  t  The 
conditions  are  almost  ideal  for  a  high  rate  of  recovery.  The  bottom 
consists  of  hard  shale.  The  immediate  roof  is  of  bone  coal  3  to  10 
inches  thick,  above  which  are  shales  of  varying  hardness,  10  feet  to 
15  feet  thick.  Above  this  layer  occurs  sandstone  of  an  average  thick- 
ness of  10  feet,  and  above  this,  shale  and  overlying  earth.  Nowhere 
is  the  overburden  greater  than  90  feet  in  thickness.  The  extremely 
favorable  nature  of  the  roof  is  shown  by  the  fact  that  a  complete 
break  is  easily  obtained  with  as  few  as  3  or  4  rooms.  In  more  recent 
workings  20-foot  rooms  are  turned  on  50-foot  centers.  The  rooms 
are  driven  300  feet  long,  and  a  50-foot  pillar  is  left  between  the 
heads  of  the  rooms  and  the  adjoining  air-course.  This  pillar  is  never 
pierced  except  in  case  of  extreme  necessity.  The  30-foot  room  pillars 
are  taken  out  by  driving  cross-cuts  through  them  every  30  feet  re- 
treating. The  entry  pillars  are  taken  out  with  the  room  pillars. 
If  the  entry  stumps  and  the  barrier  pillars  at  the  ends  of  the  rooms 
are  considered,  it  is  estimated  that  75  per  cent  of  the  coal  obtained 
is  taken  out  as  pillar  coal  and  25  per  cent  as  room  coal.  The  cost  of 
room  and  of  pillar  coal  is  about  the  same.  Bischoff  estimated  that 
the  recovery  is  at  least  90  per  cent,  and  possibly  95  per  cent,  although 
no  accurate  records  have  been  kept.  In  view  of  the  unusually  favor- 
able conditions,  it  seems  probable  that  this  estimate  is  correct  as  there 
is  no  apparent  reason  for  loss,  except  that  represented  by  the  small 
amount  of  coal  which  the  loaders  fail  to  shovel  up.  This  statement, 
of  course,  refers  to  only  the  area  of  actual  mining  operations. 

The  Pittsburgh  bed  is  being  worked  also  in  Braxton  and  Gilmer 
Counties  about  75  miles  south  of  the  workings  just  mentioned. 
While  the  same  method  of  working  is  followed,  the  phjrsical  condi- 
tions are  different,  and  the  extraction  is  not  more  than  75  per  cent. 
The  coal  is  6  to  8  feet  thick.  The  bottom  is  of  fire  clay  8  to  15  feet 
thick,  and  the  immediate  roof  is  of  fire  clay  2  to  6  feet  thick.  Above 
this  occurs  a  sand  rock  thicker  than  that  found  in  the  neighborhood 
of  Elkins,  with  a  heavier  overburden.    In  this  southern  district  the 
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coast  of  pillar  coal  is  about  three  cents  greater  per  ton  that  the  cost 
of  room  coal.* 

The  Kanawha  region  is  unlike  the  fields  farther  south  in  that 


no.  32.    Wide  Babbieb  PnjiABS  and  Boom  Stuups,  Kanawha  Distbiot, 

West  Viboinia 

there  is  a  larger  number  of  operating  companies  with  a  correspond- 
ing lesser  concentration  of  ownership.  Because  of  the  number  of  in- 
dividual operations  it  is  impossible  to  give  any  general  or  standard 
method,  but  the  room-and-pillar  method  is  universally  used.  At 
least  one  operator  is  leaving  a  large  barrier  pillar,  Fig.  32,  and  a 
large  room  stump  for  entry  protection.  The  first  break-through  is 
driven  about  80  feet  from  the  entry,  and  break-throughs  are  kept 
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perfectly  lined  up.  Booms  are  driven  in  order,  and  room  pillars  are 
drawn  back  to  the  first  break-through  as  soon  as  the  adjoining  rooms  are 
completed.  The  recovery  under  this  method  is  said  to  be  about  90  per 
cent  and  where  the  roof  is  extremely  good  as  much  as  95  to  97  per  cent.* 
In  a  paper  on  the  removal  of  coal  from  the  No.  2  Gas  Seam  in  the 
Kanawha  district,  J.  J.  Marshall  reported  a  very  high  percentage  of 
recovery  and  gave  the  following  facts  concerning  the  seam-.t  The 
coal  bed  is  made  up  of  two  benches  separated  by  a  solid  parting 
the  thickness  of  which  varies  from  10  inches  to  40  feet.  It  has  been 
found  that  it  is  not  economical  to  remove  this  slate  when  its  thick- 
ness is  more  than  24  inches.  The  aggregate  thickness  of  the  two 
benches  averages  about  9  feet,  the  upper  bench  ranging  from  4 
feet,  6  inches  to  5  feet,  6  inches  of  clean  coal  and  the  lower  bench 
from  3  feet,  6  inches  to  4  feet  of  clean  coal.  Where  it  is  impossible 
to  mine  both  benches  together,  only  the  upper  bench  has  been  taken. 
The  thickness  of  cover  varies  from  a  few  feet  to  100  feet.  After 
the  ordinary  method  of  driving  rooms  and  of  drawing  pillars  on  the 
advance,  the  mine  described  has  been  developed  until  it  is  now  in 
position  for  the  butt  entries  to  be  worked  on  the  retreating  system. 
On  June  30,  1911,  the  percentage  of  recovery  was  said  to  be  as  shown 
by  Table  6,  nearly  all  the  coal  being  mined  by  pick  work: 


Table  6 
Pkroxntaoi  or  Extraction  in  Ejinawha  Distbiot 


Pereentofe  of  Reeovory 


High  Coal,  Both  Benches  .    .    . 
Upper  Coal,  Upper  Bench  Only 


91.8 
98.7 

94.9 


Computations  of  areas  are  made  from  the  mine  map,  and  the 
method  of  computation  does  not  insure  the  accuracy  of  the  percent- 
ages given.  It  seems  that  the  values  are  too  high.  If  there  is  a  loss 
of  4  feet  or  more  in  thickness  across  the  working  face,  it  is  recorded, 
but  if  the  loss  is  less  than  this,  it  is  too  smal^  to  show  on  the  map 
which  is  drawn  to  the  scale  of  100  feet  to  the  inch,  and  the  recovery 
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is  regarded  as  practically  complete.  It  was  said  to  be  seldom  nec- 
essary to  record  a  loss,  especially  in  the  upper  coal. 

In  the  Cabin  Creek  portion  of  the  Kanawha  district  little  atten- 
tion has  been  paid  to  the  extraction  of  pillars  until  recently,  and  the 
extraction  has  amounted  to  only  about  50  per  cent.  For  the  past 
3  or  4  years,  however,  the  extraction  has  been  about  85  per  cent. 
Since  the  proper  sizes  of  pillars  are  now  known  and  the  men  have 
a  better  understanding  of  pillar  work,  it  is  expected  that  the  per- 
centage of  extraction  will  show  some  further  increase.* 

Two  mines  in  the  New  River  field,  one  in  the  Fire  Creek  bed  and 
the  other  in  the  Sewell  bed,  have  a  recovery  which  is  considered 
practically  complete.!  At  those  two  particular  mines  the  roof  con- 
ditions are  very  favorable;  in  other  sections  of  the  field  where  th^ 
are  not  so  good  and  where  less  attention  is  paid  to  recovery,  it  is 
thought  that  a  fair  average  extraction  is  about  90  per  cent.t 

The  Pocahontas  district,  in  the  southern  part  of  West  Virginia, 
is  one  of  the  most  important  coal  producing  regions  in  the  country, 
largely  because  of  the  high  quality  of  the  coal.  Pocahontas  coal  is 
low  in  volatile  matter  and  therefore  is  nearly  smokeless ;  it  contains 
little  ash  and  little  sulphur,  and  it  makes  an  excellent  coke.  Because 
of  these  characteristics  there  is  lai^e  demand  for  it.  It  is  extensively 
used  in  coke  production,  in  power  plants,  in  the  navy,  and  in  domes- 
tic heaters.  For  coking  purposes,  however,  Pocahontas  coal  is  not 
used  so  extensively  at  present  as  it  was  a  few  years  ago.  Several 
beds  are  being  operated,  but  the  principal  mines  are  in  the  Poca- 
hontas No.  3  bed.  The  seam  varies  in  thickness  from  about  4  feet  on 
the  west  to  about  10  feet  on  the  east,  but  the  change  is  gradual  and 
the  thickness  is  quite  uniform  within  the  area  of  a  single  mine.  This 
seam  has  a  fire-clay  or  slate  bottom,  and  a  draw-slate  roof.jf  It 
always  has  one  streak  of  bone  about  2  inches  thick  to  which  the  coal 
adheres  on  both  sides ;  consequently  when  a  piece  of  bone  is  thrown 
out,  about  twice  as  much  coal  is  lost. 

The  No.  4  bed,  which  has  two  streaks  of  similar  bone,  is  found 
75  to  80  feet  above  the  No.  3.  Above  this  bed  occurs  a  seam  of  inter- 
stratified  coal  and  slate  locally  termed  a  ''black  rash."  This  rash 
contains  on  the  average  about  25  per  cent  of  ash,  and  it  is  considered 


*  Keely»  Jotiah,  Penonal  Oommunieation. 
t  Penonal  Oommanieation. 
t  Oanningham,  J.  8.,  Personal  Oommunication. 
f  EaTenson,  H.  N.,  Personal  Oommunication. 
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worthless,  but  sometimes  over  rather  lai^e  areas  there  occurs  in  it 
a  streak  of  clean  coal  from  6  to  8  inches  in  thickness.  Miners  are 
supposed  to  leave  all  this  rash  in  their  working  places,  and  most  of 
it  is  left,  but  sometimes  some  of  this  clean  coal  is  loaded  out.  This 
fact  will  explain  the  higher  yield  from  the  No.  4  bed.  In  other 
words,  the  coal  actually  mined  and  loaded  sometimes  has  a  thickness 
greater  than  that  considered  in  calculating  the  contents  of  the  bed. 
The  fact  that  a  considerable  amount  of  good  coal  is  lost  with  the 
bone  explains  the  smaller  yield  in  mines  in  the  No.  3  bed.  It  is 
believed  that  if  it  were  not  for  this  loss  the  extraction  would  average 
about  95  per  cent. 

As  a  rule,  throughout  southern  West  Virginia,  the  coal  lands 
are  held  by  land-holding  companies,  which  lease  to  operating  com- 
panies. The  royalty  is  generally  10  cents  per  ton  of  coal  and  15 
cents  per  ton  of  coke,  with  a  yearly  minimum. 

The  beds  are  nearly  fiat  and  quite  regular,  of  an  almost  ideal 
mining  height,  generally  with  good  roof  and  bottom,  and  with  little 
gas  and  water  in  the  drift  mines.  It  is  possible,  therefore,  to  lay  out 
a  definite  plan  of  mining  in  advance,  and  to  follow  such  a  plan  more 
closely  than  in  sections  where  natural  conditions  are  less  favorable. 
In  many  cases  the  landholders  specify  that  the  coal  shall  be  mined 
in  accordance  with  certain  plans,  and  prescribe  a  minimum  of  extrac- 
tion. Certain  departures  from  the  standard  methods,  however,  are 
permitted  where  it  seems  advisable. 

Fig.  33  illustrates  the  plan  of  development  formulated  by  the 
Pocahontas  Coal  and  Coke  Company,*  which  may  be  carried  out  by 
one  of  three  possible  procedures  as  follows: 

Panel  No.  1, — ^Drive  rooms  on  3rd  cross  entry  as  soon  as  come  to, 
begin  robbing  as  soon  as  second  room  is  completed  and  rob  advanc- 
ing on  2nd  and  3rd  cross  entries  to  within  100  feet  of  2nd  cross  entry, 
on  1st  cross  entry  drive  last  room  first  and  rob  retreating  as  shown, 
taking  out  the  barrier  pillar  left  on  2nd  cross  entry. 

Panel  No.  2. — ^Drive  entries  to  the  limit  before  turning  rooms  ex- 
cept as  shown,  turn  last  room  on  3rd  cross  entry  first,  begin  robbing 
at  inside  comer  of  panel,  develop  rooms  only  fast  enough  to  keep  in 
advance  of  robbing  and  bring  robbing  back  with  uniform  breakline 
until  completed  to  barrier  pillars. 


*  Stoek,  H.  H..   *'  PoeahonUs  Region  Mining  Methods."  Mines  and  Minerals,  Vol.  29. 
p.  895.    Stow.  AudW  H..  ''Mining  in  the  Pocahontos  Field,"  Coal  Age.  Vol.  3,  p.  694.  1913. 
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Panel  No.  3. — Continuous  panel,  drive  entries  to  the  limit  before 
turning  rooms  except  as  shown,  turn  last  room  on  1st  cross  entry 
first,  begin  robbing  as  soon  as  second  room  is  completed,  develop 


Fio.  33.    Plan  or  Wobkino  or  Pocahontas  Coal  and  Goes  Company 


rooms  only  fast  enough  to  keep  in  advance  of  robbing,  and  bring 
robbing  back  with  uniform  breakline  until  limit  of  mining  is  reached. 
According  to  W.  H.  Grady,  chief  mine  inspector  of  the  Poca- 
hontas Coal  and  Coke  Company,*  the  essential  advantages  of  this 
plan  of  mining  include:  provision  for  tonnage  during  the  develop- 
ment period,  provision  for  meeting  the  market  demand,  large  barrier 
pillars  insuring  against  squeezes  and  rendering  impossible  the  de- 


*  Gradr,  W.  H.,  *'  Some  DeUils  of  Mining  MethodB  with  Special  Referenee  to  the  Mazi- 
mum  of  ReooTery/'  W.  Va.  Ooal  Min.  Inat.,  Dec.  1918;  Goal  Age,  Vol.  6.  p.  156,  1918. 
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straction  of  coal  over  an  extended  area,  4-entry  system  for  all  exten- 
sive main  entries  with  two  as  intakes  and  two  as  returns  with  break- 
throughs intervening  only  at  the  points  where  the  cross  entries  turn 
off,  rendering  unnecessary  the  building  of  expensive  masonry  brat- 
tices every  80  feet,  and  insuring  the  maximum  quantity  of  air  for 
ventilation  at  a  minimum  cost  for  brattices  and  ventilating  power, 
and  cross  entries  with  narrow  chain  pillars  which  permit  the  rapid 
advance  of  the  entry. 

The  success  of  this  method,  with  regard  to  high  output,  is  shown 
by  the  values  given  in  Table  7,  taken  from  Qrady's  article.  The 
percentage  of  recovery  is  based  on  the  thickness  of  the  total  seam, 
including  the  portion  rejected.  The  lower  percentages  of  extraction 
shown  in  Table  7  were  reached  where  pillars  were  being  robbed  after 
standing  for  many  years.  Operations  had  not  proceeded  far  enough 
at  the  date  of  the  paper  quoted  to  permit  a  definite  statement  as  to 
how  great  the  final  recovery  would  be.  A  later  statement*  has  been 
received  to  the  effect  that  the  mines  of  the  lessees  of  the  Pocahontas 
Coal  and  Coke  Company  will  probably  show  an  average  recovery  of 
90  per  cent.  Since  some  of  these  operations  have  extended  over  many 
years  and  since  they  were  not  so  well  managed  formerly  as  at  present, 
it  is  probable  that  the  recovery  now  is  more  than  90  per  cent. 

In  the  Pocahontas  district,  much  attention  has  been  given  to  the 
subject  of  recovery,  and  the  values  which  have  been  supplied  by 
operating  companies  are  as  accurate  as  such  values  can  be  made.    H. 


Table  7 
RsoovBBT  or  Coal  in  Minks  or  Pocahontas  Coal  and  Cokb  Company 


Plant 

Thiek- 

MM  of 

Seam 
inFtot 

Entry 
Minad 

Acrea 

of 
Rooma 
Mined 

Acrea 

of 
PiUan 
Mined 

III 

Total 

Tonnaie 

Mined 

Tone 

Mined 

per  Acre 

Theoret- 
iealTona 
per  Acre 

Pel- 
centage 
of  R?. 
covery 

Pro. 
portion 
of  Seam 
Reject- 
ed 

0.16 

8.00 

4.67 

11.08 

18.60 

106,264 

8.860 

9.922 

89.3 

0.24 

6.66 

4.40 

4.80 

14.80 

24.00 

188,391 

8.186 

9.116 

89.79 

0.22 

6.10 

2.08 

0.62 

16.80 

26.00 

180.380 

7.216 

8,826 

80.0 

0.22 

4.42 

6.88 

8.05 

13.00 

27.02 

192.437 

0.960 

7,181 

97.0 

0.23 

6.04 

7.00 

10.09 

19.20 

80.29 

334.006 

9.203 

9.682 

90.0 

0.22 

4.82 

2.11 

8.04 

9.20 

16.04 

94.427 

0.278 

0.909 

90.0 

0.31 

6.84 

8.81 

0.84 

0.00 

9.06 

83.000 

8.601 

8.014 

99.8 

0.20 

6.42 

8.72 

0.00 

9.72 

19.60 

144.709 

8.181 

8,777 

93.2 

0.20 

4.66 

8.10 

10.80 

2.84 

27.24 

201.044 

7.380 

7.634 

98.0 

0.18 

10 

8.08 

6.20 

8.47 

10.09 

23.76 

202,976 

11.008 

12,923J 

86.0 

0.23 

*  BaTanioB.  Howard  N.,  Personal  Oommunication. 
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N.  Eavensoiiy  whose  communication  has  already  been  referred  to 
with  regard  to  the  character  of  the  beds  mined,  says  that  the  measure- 
ments of  areas  worked  out  are  as  close  as  it  is  possible  to  get  them 
on  a  large  scale.  The  thicknesses  given  are  those  of  the  clean  coal,  and 
do  not  include  any  bone  or  black  rash.  In  many  instances  a  record 
has  been  kept  of  coal  left  in  small  areas,  and  the  values  shown  by 
these  tests  agree  very  closely  with  those  given  in  Table  8.  It  will 
be  seen  from  the  table  that  the  amount  of  extraction  for  mines  9,  10, 
and  11  is  given  as  more  than  100  per  cent.  This  record  is  explained 
by  the  statement  previously  made  concerning  the  loading  out  of  coal 
supposed  to  be  lieft  in  the  mines.  At  No.  9,  the  rash  is  much  cleaner 
than  at  the  other  mines  of  the  company,  and  while  the  seam  is  thicker, 
it  carries  only  a  very  small  amount  of  dirt;  thus  a  higher  percent- 
age of  clean  coal  is  given. 

Table  8 

Stateubnt  of  Thicknesses  and  Recoveries,  all  Mines,  United  States 

Goal  and  Coke  Company  1902  to  1916,  Inclusive 


Mine 

Area  Worked  Out 
percent 

Average 

Thickneas 

Clean 

Coal 

Net  Tons 

Per  Acre 
Foot 

Percentage 

of 
Recovery 

No.  of 

Seam 

Worked 

Date  of 

First 

fflupments 

No. 

Rooms 
and 

PilUn 

Entries 

1 

40.5 

64.6 

6.62 

1746 

97.0 

344 

1908 

2 

60.7 

40.3 

6.67 

1790 

99.4 

4 

1902 

3 

61.2 

38.8 

4.66 

1429 

79.4 

4 

1908 

4 

67.3 

42.6 

6.19 

1581 

87.8 

3 

1904 

5 

63.6 

36.6 

6.88 

1606 

89.2 

3 

1904 

6 

63.6 

36.4 

6.09 

1769 

98.3 

4 

1903 

7 

66.0 

33.1 

6.27 

1770 

98.3 

4 

1906 

8 

70.8 

29.2 

6.98 

1728 

96.0 

4 

1906 

9 

74.2 

26.8 

7.24 

1908 

106.0 

4 

1906 

10 

86.1 

14.9 

6.31 

1806 

100.3 

344 

1907 

11 

73.3 

26.7 

6.26 

1807 

100.4 

344 

1907 

12 

69.8 

30.2 

8.22 

1622 

90.0 

3 

1906 

65.9 

34.1 

6.95 

1738 

96.6 

At  the  No.  3  mine,  which  shows  the  lowest  percentage  of  extrac- 
tion, the  roof  is  exceedingly  bad.  Above  the  coal  there  occurs  a 
layer  of  shale  and  slate,  from  5  to  10  feet  thick,  which  it  is  impossible 
to  support  even  by  close  timbering.  The  mining  practice  is  fully  as 
good  at  this  mine  as  at  the  others,  but  the  yield  is  much  less  because 
of  the  more  difficult  conditions.  The  table  shows  the  areas  worked 
out  at  different  mines  and  the  percentages  recovered.  It  is  Eaven- 
son's  opinion  that  the  average  recovery  in  the  larger  mines  through- 
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out  the  Pocahontas  field  is  fully  90  per  cent,  and  that  in  many  mines 
even  a  higher  figure  is  reached. 

One  of  the  landholding  associations  of  the  Pocahontas  district 
furnishes  information*  concerning  some  of  the  operations  of  its 
lessees,  and  submits  a  table  (Table  9)  showing  the  percentage  of  re- 
covery.   It  takes  account  of  operations  up  to  January  1,  1917. 

Table  9 

Pebcentaoe  op  Recovery  on  Live  Work  and  Robbing 

Pocahontas  District 

January  1,  1917 


Area  Minbd 

Pkbcbntaob  of  Rbcovsbt 

Net  Robbing. 

No. 

of 

Mine 

Live  Work. 

Robbing. 

Live  Work 

Groce 

Anuming  that 
37H  per  cent  of 

Total 

to 
Date 

Per  cent 

Per  cent 

(AMumed) 

Robbing 

Groes  Robbing 
was  Mined  m 

Live  Work 

1 

l«.l 

83.0 

97 

84.6 

77.2» 

86.6 

2 

.3 

99.7 

97 

73.4 

59.2 

73.5 

3 

0.4 

90.6 

97 

81.2 

71.7 

82.7 

24.2 

75.8 

97 

80.6 

70.7 

84.6 

38.3 

61.7 

97 

76.9 

64.8 

84.6 

12.1 

87.9 

97 

87.0 

81.0 

88.2 

15.5 

84.5 

97 

77.5 

65.8 

80.6 

15.4 

84.6 

97 

79.3 

68.7 

82.0 

51.8 

48.2 

97 

83.3 

73.9 

90.4 

10 

63.7 

46.3 

97 

83.4 

75.2 

90.7 

11 

63.5 

36.5 

97 

86.0 

79.4 

93.0 

12 

51.7 

48.3 

97 

81.9 

72.8 

89.7 

Values  obtained  by  amitning  that  37 .5  per  cent  of  the  pillar  work  is  done  under  the  same  con- 
ditions as  live  work,  i.e..  with  recovery  of  97  per  cent;  thus  0.625  X  +  0.375  X97  -84.6.  X-77.2. 


It  will  be  noted  that  the  extraction  at  mine  No.  2,  the  first  of  the 
leases  to  exhaust  the  No.  3  Pocahontas  seam,  is  not  more  than  73  or 
74  per  cent.  In  addition  to  the  losses  which  will  be  mentioned,  there 
was  a  considerable  loss  here  of  top  coal.  A  thickness  of  18  to  24 
inches  was  left  up  in  the  first  mining  with  the  expectation  that  it 
would  be  recovered  on  the  retreat,  but  most  of  this  coal  was  ultimately 
lost  on  account  of  the  bad  roof.  It  is  also  possible  that  the  loss  in 
the  coke  yard  at  this  plant,  where  the  maximum  number  of  ovens 
was  run  in  proportion  to  the  output,  amounted  to  almost  double  the 
average  tabulated  amount. 

An  inspection  of  the  table  shows  that,  in  most  cases,  the  highest 
percentage  of  recovery  has  been  reached  at  those  mines  where  the 


*  Lincoln.  J.  J.,  Peraonal  Communication. 
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pillar  work  has  been  least  in  proportion  to  the  liye  work,  that  is, 
at  those  still  in  the  earlier  stages  of  working.  Future  operations  in 
these  mines  may  be  expeeted  to  lower  these  values,  but  it  would  seem 
that  80  per  cent  would  be  a  very  conservative  estimate  of  the  average 
amount  of  coal  that  should  be  won  in  the  various  mines  of  the  prop- 
erty up  to  the  exhaustion  of  aU  properties  under  lease. 

J.  J.  Lincoln  has  discussed  losses  in  the  Pocahontas  field,  and 
the  facts  brought  out  are  of  general  interest  in  connection  with  the 
subject  of  coal  recovery.  It  is  said  that  losses  may  be  considered 
under  three  headings;  (a)  mixing  of  coal  with  refuse,  (b)  loss  in 
drawing  pillars,  and  (c)  loss  in  coke  making. 

There  is  loss  in  removing  the  bone  and  P3nrite  from  the  coal,  as 
some  coal  adheres  to  the  refuse.  Under  the  present  mining  methods, 
this  loss  is  from  2  to  4  per  cent,  and  occurs  in  both  new  work  and 
robbing. 

The  following  losses  are  to  be  expected  in  pillar  drawing  in 
addition  to  loss  of  coal  attached  to  refuse:  (1)  In  drawing  each 
stumps  are  occasionally  crushed  by  the  pressure  of  the  top  before 
broken  rock  from  the  adjacent  gob  from  covering  the  coal.  This 
loss  will  run  from  3  to  10  per  cent,  according  to  conditions.  (2) 
When  the  pillars  are  drawn  by  splitting,  a  similar  loss,  frequently 
greater,  occurs.  (3)  As  the  drawing  progresses  small  sections  of 
stumps  are  occasionally  crushed  by  the  pressure  of  the  top  before 
they  can  be  removed.  (4)  Stumps,  sections  of  pillars,  or  entire 
pillars  may  be  crushed  by  the  weight  before  they  .can  be  removed, 
or  may  be  surrounded  and  cut  off  by  the  broken  top.  In  the  mines 
where  actual  losses  from  this  source  are  closely  recorded  they  do  not 
reach  1  per  cent,  and  there  is  no  mine  in  which  they  will  reach  2 
per  cent.  The  third  loss  is  not  directly  chargeable  to  mining,  but 
occurs  in  the  making  of  coke.  Where  the  tonnage  of  coke  produced 
is  used  as  a  measure  of  the  amount  of  coal  taken  out,  this  loss  be- 
comes significant  in  calculating  the  percentage  of  coal  won.  The 
ratio  used  by  the  company  in  all  calculations  of  tonnage  has  always 
been  1.6  tons  of  coal  to  one  ton  of  coke.  This  ratio  assumes  an  actual 
average  yield  of  62%  per  cent  of  coke,  but  in  practice  this  yield  is 
not  obtained,  the  average  yield  under  existing  conditions  being 
nearer  55  per  cent.  This  loss  has  always  been  charged,  with  the  other 
losses,  directly  against  the  mining.  This  ratio  cannot  be  used  directly 
in  determining  the  actual  amount  of  coal  mined,  because  only  a  part 
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of  the  coal  is  coked.  The  loss  yaries  in  amount  from  1  to  5  per  cent, 
according  to  the  conditions  in  the  different  operations,  and  the  ac- 
tual percentage  of  extraction  is  slightly  higher  than  that  given  in 
the  table  because  of  this  error. 

Losses  in  mining  and  coke  making  may  then  be  tabulated  as 
follows : 


'*(a)  Removing  Befuse — Coal  thrown  into  gob  with  bone 
and  sulphur  bands    .     .    2  per  cent  to    4  per  cent 

(b)  Robbing:— 

1.  Stumping,  or 

Splitting  pillars  .     .    2  per  cent  to  10  per  cent 

2.  Sections  or  Stumps  .    0  per  cent  to    2  per  cent 

3.  Pillars  lost  ....    0  per  cent  to    2  per  cent 

(c)  Additional  coal  consumed  in  coke  making  over  and 
above  the  amount  covered  by  the  constant  of  calculation, 
1.6  tons  equals  1  ton  coke     1  per  cent  to    5  per  cent 

Total    .     .    5  per  cent  to  23  per  cent'* 

A  peculiar  system  followed  by  the  Gay  Coal  and  Coke  Company 
of  Logan,  West  Vii^inia,  and  called  a  single-room  system*  has  re- 
sulted from  an  attempt  to  apply  the  long-wall  method  to  a  seam  the 
average  thickness  of  which  is  5  feet,  7  inches.  This  seam  dips  to  the 
southwest  about  1^  per  cent,  is  practically  free  from  partings,  and 
is  of  the  nature  of  splint  coal,  the  bottom  bench  being  rather 
strong,  and  the  top  bench  somewhat  friable.  The  average  thickness 
of  cover  does  not  exceed  500  feet  while  the  maximum  is  less  than 
1,000. 

A  block  of  coal  was  cut  by  two  entries  600  feet  long,  Nos.  4  and  5 
(Fig.  34).  These  were  connected  at  their  extremities,  which  where 
300  feet  apart.  The  purpose  was  to  take  out  the  block  of  coal  thus 
formed  in  a  retreating  direction  by  commencing  at  the  inner  end 
laid  by  working  outward  with  a  face  about  300  feet  long.  One 
hundred  beech  or  hickory  posts  were  used  to  support  the  roof  near 
the  face.    The  top  of  each  was  covered  with  1-inch  poplar,  and  the 


*  <Hj,  H.  GL  "A  Singleroom  S/slem,"  Proo.  Ooal  Min.  Inst.  Amer.,  p.  167,  1000;  Minai 
and  Minerala,  Vol.  37,  p.  825,  1900;  Pcnonal  Oommiinication. 
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bottom  with  1/16-inch  sheet  steel.  Each  post  was  mounted  on  a  hy- 
draulic head  weighing  about  700  pounds  and  tested  to  a  pressure 
of  3,000  pounds  per  square  inch.  These  were  set  along  the  face  6 
feet  apart  in  parallel  rows  3  feet  apart.  The  cost  of  the  equipment 
was  approximately  $5,000. 

When  the  walls  became  more  than  30  feet  apart,  rows  of  props 
on  15-foot  centers  were  set  8  to  10  feet  apart.  When  the  distance 
between  the  walls  had  reached  60  feet,  the  portable  posts  were  put 
into  use,  a  row  of  50  posts  on  6-foot  centers  being  set  10  feet  from 


Fio.  34.    SiNOLB  Boom  Mxthod,  Logan  County,  West  Viboinia 

the  face.  The  heads  were  covered  with  wooden  cap  pieces,  and  the 
plungers  were  raised  by  a  pressure  of  50  pounds  per  square  inch. 
When  the  face  had  advanced  6  feet  farther,  the  other  50  posts  were 
put  in ;  as  the  work  progressed,  the  first  row  was  moved  6  feet  ahead 
of  the  second,  the  posts  being  moved  one  at  a  time.  An  occasional 
row  of  posts  similar  to  the  first  was  also  set  as  a  precautionary 
measure. 

When  the  walls  were  100  feet  apart,  it  was  thought  advisable  to 
blast  down  the  roof.  The  portable  posts  were  set  in  a  single  row 
6  feet  from  the  face.  Examination  after  the  rock  had  fallen  showed 
that  the  immediate  roof  consisted  of  a  seam  of  strong  sand  slate  at 
least  30  feet  thick  without  any  sign  of  a  parting  and  that  diflSculty 
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would  be  encountered  in  attempting  to  apply  the  long-wall  method 
in  this  mine. 

The  advantages  to  be  derived  by  working  on  a  long  face  were  so 
great  that  the  company  devised  another  plan  which  involved  work- 
ing out  the  remainder  of  the  block  by  a  system  of  rooms  80  feet  wide, 
parallel  with  the  long-wall  face  and  separated  by  30-foot  pillars.  Each 
room  was  to  be  opened  by  driving  a  sub-entry  across  from  entry  No. 
4  to  entry  No.  5  (Fig.  34),  and  thereafter  the  manner  of  working 
was  to  be  identical  in  every  respect  with  that  of  the  long-wall  system. 


Fig.  35.    Bio  Boom  Method,  Logan  County,  Wbst  Viboinia 

From  the  experience  gained  it  was  thought  that,  with  the  roof 
in  normal  condition,  rooms  could  be  worked  90  feet  wide  with  30- 
foot  piUars.  Entries  Nos.  4  and  5  were  therefore  continued  east- 
ward, and  sub-entries  were  spaced  for  the  rooms  as  shown  on  the 
map  (Fig.  36).  The  last  of  the  sub-entries  was  widened  to  40  feet, 
and  a  single  row  of  ordinary  props,  8  to  10  inches  in  diameter,  was 
set  close  to  the  face  on  15-foot  centers.  When  the  face  had  moved 
10  feet  farther,  a  second  row  was  set.  When  the  room  had  reached 
a  width  of  sixty  feet,  a  row  of  portable  posts  was  set  on  10-foot  cen- 
ters, and  at  70  feet  another  row  was  set.  The  ordinary  props  were 
used  for  detecting  the  action  of  the  roof. 
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One  of  the  advantages  of  this  system  of  mining  is  that  a  large 
amount  of  coal  per  employee  may  be  obtained.  In  fact  the  produc- 
tion per  man  is  considerably  greater  than  with  the  room-and-pillar 
method,  and  greater  even  than  would  be  possible  with  the  long-wall 
method.  The  highest  rating  in  this  seam  for  car  distribution,  ex- 
clusive of  this  mine,  is  13  tons  per  loader;  this  mine  is  rated  at  20 
tons  per  loader.  It  is  the  opinion  of  Mr.  Qay  that  it  would  be  pos- 
sible to  produce  about  11  tons  per  inside  employee  per  9-hour  day 
for  five  days  a  week.  The  method  also  results  in  the  recovery  of  a 
very  high  percentage  of  coal.  A  calculation  based  upon  the  number 
of  tons  shipped  and  the.  area  excavated,  according  to  planimeter 
measurement,  indicates  that  the  extraction  was  85.9  per  cent. 

Since  this  description  was  published,  the  syst<sm  has  been  mod- 
ified to  reduce  the  narrow  work,  but  the  general  plan  has  been 
followed.  Instead  of  driving  a  single  room  to  form  the  working 
face,  parallel  rooms  separated  by  an  18-foot  pillar  are  driven;  thus 
the  use  of  brattices  is  unnecessary,  and  ventilation  is  improved.  The 
hydraulic  posts  were  soon  abandoned,  as  posts  without  the  hydraulic 
heads  are  cheaper,  and  they  are  easily  recovered.  One  of  the  most 
important  facts  concerning  the  operation  is  that  there  has  not  been 
a  single  fatal  accident  in  the  mine  since  work  was  begun. 

Another  system  in  which  an  effort  was  made  to  obtain  the  advan- 
tages of  long-wall  working  was  tried  a  few  years  ago  in  "West  Vir- 
ginia.* In  developing  this  system  (Fig.  36)  triple  entries  are  driven 
from  the  outcrop,  near  which  double  entries  are  turned  off  at  right 
angles.  From  these,  entries  are  driven  parallel  with  the  main  entry; 
thus  blocks  of  coal  about  900  feet  wide  are  cut  off.  Block  entries 
are  turned  from  the  main  entry  and  from  these  side  entries,  parallel 
with  the  cross  entry,  spaced  about  500  feet  apart,  and  driven  for 
about  800  feet;  thus  the  coal  is  blocked  into  areas  approximately 
500  by  800  feet.  In  working  these  blocks,  a  room  is  turned  first  at 
the  end  of  the  block  entries  to  form  a  working  face  for  the  long-wall 
machine.  The  blocks  are  then  worked  back  toward  the  main  entry 
for  500  feet;  thus  a  barrier  of  300  feet  protects  each  main  entry. 
Track  is  laid  along  the  face  as  near  the  coal  as  possible,  and  is  moved  as 
the  face  progresses.  The  roof  is  allowed  to  fall,  but  the  line  of  break 
is  kept  at  the  correct  distance  from  the  face  by  three  or  more  rows 


*jMiiet,  W.  B.,  "Block  System  of  BotrMtinf  LonrwAlL*'  Proe.  W.  Va.  Ooal  Min.  Imt^ 
p.  187,  1011;  OftMll,  0.  A.,  PononAl  Oommanioatioii,  and  Pfttent  Specdileatioiis. 
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of  props,  the  last  row  being  moved  forward  after  a  cut  is  made.  The 
trolley  wires  are  hung  on  hangers  as  usual,  but  to  keep  them  tight 
they  are  carried  on  portable  drums.  Current  for  the  motor  and 
machines  along  the  face  is  taken  from. the  trolley  wire  on  the  entry 


Fig.  36.    Block  System  of  Betbkating  Lono-wall,  Wist  Viboinia 

by  means  of  a  cable  which  is  also  coiled  on  a  portable  drum.  Ventila- 
tion is  controlled  by  placing  a  regulator  in  the  return  air  course  of 
each  block.  Each  block  or  face  is  provided  with  a  separate  supply 
of  fresh  air  by  having  overcasts  placed  at  the  air  courses  to  admit 
the  return  air  into  the  main  air  course  entry.  No  doors  are  required 
at  any  points  in  the  mine. 
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It  was  claimed  for  this  method  that  a  block  will  produce  440  tons 
per  day  with  the  use  of  only  500  feet  of  track  in  addition  to  that  on 
the  entries,  that  practically  all  the  coal  is  obtained,  and  that  the 
work  of 'the  rolling  stock  and  cutting  machines  is  concentrated.  The 
trial  of  this  method  was  temporarily  abandoned  because  of  an  inade- 
quate car  supply,  but  the  work  was  considered  successful.  It  was 
not  carried  far  enough  to  provide  reliable  data  for  an  estimation  of 
total  extraction.  - 

26.  Ohio, — ^The  literature  of  coal  mining  contains  little  informa- 
tion regarding  conditions  in  Ohio.  Some  of  the  operations  in  the 
Hodcing  Valley  district  have  been  described  in  articles  which  state 
that  large  quantities  of  coal  are  left  in  the  roof  because  of  the  poor 
quality  of  the  product.  An  article  on  Hisylvania  Mine  No.  23  states* 
that  the  bed  mined  in  the  Hocking  Valley  district  is  the  Middle 
Kittanning,  Hocking  Valley,  or  No.  6.  The  bottom  consists  of  a  few 
inches  of  fire  clay  overlying  hard  rock.  The  roof  is  of  shale,  6  to  8  feet 
thick.  The  coal  bed  consists  of  three  benches.  The  thickness  of  good 
coal  is  about  6  feet,  and  above  this  is  about  5^  feet  of  a  poorer  coal 
separated  from  the  lower  portion  of  the  bed  by  a  distinct  parting. 
This  upper  bed,  with  the  upper  bench  of  the  lower  bed,  is  known  as 
top  coal.  In  this  district  all  coal  in  excess  of  6  feet,  and  in  many 
places  in  excess  of  4%  feet,  is  to  be  credited  to  this  upper  bench 
which  has  a  maximum  thickness  of  10  feet. 

James  Pritchardt  estimates  the  percentages  of  extraction  in  the 
districts  as  follows; 

fin  the  Pittsburgh  vein  district,  the  Cambridge  field,  and  the 
Hacking  field,  districts  which  produce  approximately  three-fourths  of 
the  coal  of  the  state,  the  rate  of  extraction  will  range  from  60  to  70  per 
cent.  In  the  MassiUon  and  Jackson  fields,  the  rate  of  extraction  may 
reach  85  per  cent.  In  the  Deerfield  and  Mahoning  districts,  the  rate 
of  extraction  may  reach  85  per  cent.  Throughout  the  remainder  of 
the  state,  the  maximum  percentage  of  extraction  will  run  from  60  to 
70  per  cent.  The  average  rate  of  recovery  is  approximately  60  per 
cent,  with  a  minimum  of  55  per  cent  and  a  maximum  of  75  per  cent. 


*  Bnmmglis,  W.  G.,  '*  HiiylTani*  Mine  No.  28,"  OoU.  Enf.,  Vol.  84,  p.  4S1. 

tPritohmrd.  Junes,   Chief  Deputy  end   Safety  OonuniBsioner  of  Mines,   Penonel  Com- 
monioeiion. 
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The  average  value  represents  the  most  common  percentage  of  ex- 
traction. 

The  conditions  in  the  Pittsburgh  vein  district  of  eastern  Ohio  are 
described  by  Roby*  as  follows : 

The  extraction  is  limited  by  various  physical  and  commercial 
conditions.  The  roof  consists  of  a  bed  of  weak  coal  of  poor  quality, 
variable  in  thickness,  and  separated  from  the  main  bed  by  a  layer 
of  drawslate  which  disintegrates  on  exposure.  Overlying  the  roof 
coal  is  an  unstratified  ^^soapstone"  4  to  8  feet  thick,  and  above  this 
is  a  thick  layer  of  hard  limestone.  The  country  is  hilly,  and  the 
total  cover  varies  from  30  to  600  feet  in  thickness.  The  character 
of  the  roof  makes  it  necessary  to  leave  larger  pillars  than  would  be 
required  under  a  good  roof.  The  roof  coal  is  left  up,  and  as  it  is 
poor  in  quality  and  not  marketable,  it  is  not  considered  in  making 
estimates  of  extraction.  The  room-and-pillar  method  is  used.  There 
has  been  much  discussion  concerning  the  possibility  of  applying  the 
long-wall  method,  but  the  fragility  of  the  roof  and  the  tendency  of 
all  rock  below  the  limestone  to  shear  off  at  the  solid  face  have  seemed 
to  make  the  method  impracticable. 

^  It  is  desirable  that  rooms  be  worked  out  as  quickly  as  possible 
because  of  the  tendency  of  the  roof  and  pillars  to  fail.  Because  of 
these  conditions,  the  numerous  interruptions  which  have  been  caused 
by  strikes  and  business  depressions  have  tended  to  make  the  rate  of 
recovery  lower  than  would  have  been  the  case  with  uninterrupted 
operation,  t 

J.  C.  Haring  states  that  the  recovery  in  the  Massillon  district  has 
not  exceeded  75  per  cent.  The  highest  recovery  in  the  district  is 
probably  at  the  Pocock  No.  4  mine  where  it  is  estimated  that  fully 
90  per  cent  of  the  coal  has  been  obtained. 

At  Steubenville,  the  mine  of  the  LaBelle  Iron  Works  has  been 
operated  on  the  long- wall  system  since  1913;  prior  to  that  time  the 
room-and-pillar  method  was  employed.  J  The  bed  is  the  Lower  Free- 
port  which  is  a  little  over  3  feet  in  thickness  and  has  a  good  shale 
roof. 

At  present  a  considerable  amount  of  stripping  is  being  done  in 
the  No.  8  coal  in  the  vicinity  of  Steubenville.    The  coal  outcrops  on 


*  Roby,  J.  J.,  Pertonal  Oommimioatioii. 

t  Hftiing,  J.  0.,  Personal  Communioation. 

t  BarroQfbt,  W.  G.,  "Long^waQ  Mininf  at  Steubenyille.  Ohio,"  Coal  Age,  Vol.  11.  p.  697 
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the  slopes  of  hills,  and  the  rapid  increase  in  the  thickness  of  the 
overburden  restricts  the  operations  to  a  narrow  belt,  although  they 
may  extend  for  a  considerable  distance  along  the  outcrop. 

27.  Kentucky,^— The  development  of  coal  mining  in  Kentucky 
has  been  comparatively  recent,  and  some  of  the  Kentucky  fields  are 
still  so  young  that  it  is  impossible  to  obtain  estimates  of  recovery. 
The  state  may  be  divided  broadly  into  two  districts,  the  western 
district  being  closely  allied  with  the  fields  of  Indiana  and  Illinois, 
and  the  eastern  district  with  those  of  West  Virginia  and  Virginia. 

The  statements  presented  in  the  following  paragraphs  concerning 
the  western  district  are  made  on  the  authority  of  N.  Q.  Alford,*  who 
says  that  the  fields  contain  about  38.3  per  cent  of  the  coal-bearing 
areas  of  this  state  and  that  in  1912  47.7  per  cent  of  the  total  pro- 
duction came  from  this  district.  The  flmallness  of  many  operations 
is  shown  by  the  statement  that  21  per  cent  of  the  mines  produced 
less  than  10,000  tons  per  annum  each;  51  per  cent  produced  less 
than  60,000  tons  each ;  23  per  cent  produced  more  than  100,000  tons 
each;  and  two  companies,  operating  18  mines,  produced  2,750,000 
tons  each. 

Qenerally,  the  rate  of  recovery  in  the  mines  of  western  Kentucky 
is  about  66  2/3  per  cent,  although  in  some  instances  it  is  as  low  as  44 
per  cent.  Without  an  exception  the  mines  of  this  district  are  de- 
veloped on  the  room-and-pillar  system  with  double  or  triple  entries. 
With  the  exception  of  two  or  three  isolated  operations,  all  the  coal  is 
produced  from  three  seams. 

Most  of  the  coal  comes  from  the  No.  9  and  No.  11  beds,  the  for- 
mer producing  about  three-fourths  of  the  total  output  of  the  field. 
This  bed  is  present  in  eight  counties  and  approaches  5  feet  in 
thickness.  In  most  places  it  is  reached  by  shafts  of  300  feet  or 
less  in  depth,  although  there  are  some  local  surface  depressions 
which  permit  access  by  slopes  or  drifts.  It  has  a  black  shale  roof 
and  a  soft  fire-clay  bottom. 

The  No.  11  seam  lies  from  40  to  100  feet  above  the  No.  9,  and  fol- 
lows the  latter  in  commercial  importance.  Its  average  thickness  is 
6  feet.  Above  the  coal  is  a  stratum  of  limestone  of  thickness  varying 
from  a  few  inches  to  40  feet.    This  limestone  is  usually  separated 


*  Alford.  Newell  G.,  "  Problem!  Enoountered  in  Kentaekr  Coal  Minlnc/*  Ky.  Min.  Init. 
1018;  Ooel  Age,. Vol.  6,  p.  674.  end  Penonel  Gommunieanoii. 
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from  the  coal  by  a  thin  stratum  of  heavy  laminated  clay  6  to  24  inches 
thick.  This  top  adheres  uncertainly  to  the  limestone  above  it,  and 
presents  a  constant  danger.  Near  the  outcrop  the  top  becomes  very 
treacherous.  The  bottom  of  this  scam  consists  of  soft  fire  clay  which 
frequently  heaves  in  haulage  entries  that  have  been  opened  for  some 
time.  About  half  the  mines  in  this  seam  are  shaft  mines,  and  the 
remainder  are  drift  mines. 

The  third  seam  in  commercial  importance  is  No.  12,  which  is 
found  best  developed  in  Clay  and  Webster  Counties.  Its  approxi- 
mate depth  below  the  surface  is  225  feet.  Its  average  thictaiess  is 
7  feet.  The  bottom  is  of  fire  clay  which  is  high  in  calcium  and 
which  disintegrates  rapidly  when  drainage  water  is  directed  through 
it  in  ditches.  The  roof  consists  of  light  gray  disintegrated  shale 
10  to  15  feet  thick.  If  all  the  coal  is  removed,  this  top  will  fall 
to  a  height  of  6  or  8  feet,  and  heavy  timber  sets,  thoroughly  and 
solidly  lagged,  are  required  to  support  it.  Because  of  this  condition 
it  has  been  found  necessary  to  leave  16  inches  of  top  coal  as 
a  roof.  Sixty  per  cent  of  this  top  coal  is  recovered  from  rooms,  but 
no  attempt  is  made  to  recover  it  from  entries.  When  the  develop- 
ment of  the  No.  12  seam  was  begun,  rooms  were  driven  21  feet  wide 
on  33-foot  centers;  but  this  width  of  pillar  was  found  to  be  too 
narrow,  and  it  has  been  increased  to  20  feet,  with  rooms  21  feet  wide. 
Under  these  conditions  a  recovery  of  44  per  cent  is  the  best  which  has 
been  reached  up  to  this  time.  This  low  percentage  of  recovery  is  in 
part  due  to  physical  conditions,  and  in  part  to  over-development  and 
keen  competition. 

Several  factors  contribute  to  limiting  the  recovery  in  the  No.  9 
and  No.  11  beds.  The  most  important  of  these  is  probably  inadequate 
planning  of  future  workings.  Frequently  pillars  are  left  too  small ; 
consequently  the  bottom  heaves,  and  the  pillars  are  crushed.  Partial 
recovery  of  piUar  coal  by  taking  slabs  off  the  ribs  is  not  general,  and 
the  total  recovery  of  pillars  has  not  been  attempted.  The  operators 
in  this  district  hold  the  opinion  that  pillar  robbing  in  the  No.  11 
seam  is  particularly  hazardous  and  impractical,  because  heavy  lime- 
stone overlies  the  seam;  in  the  Connellsville  district  of  Pennsyl- 
vania, however,  pillars  are  successfully  drawn  under  a  heavy  lime- 
stone. Alford  expresses  the  opinion  that  if  the  workings  in  the 
No.  11  seam  were  properly  laid  out  and  started,  little  difficulty 
would  be  found  in  increasing  the  percentage  of  recovery. 
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In  this  district  there  is  an  over-production  with  a  limited  market; 
consequently  competition  is  keen.  When  business  conditions  are 
normal,  the  margin  of  profit  is  so  small  as  to  preclude  any  costly  im- 
provements, and  little  money  has  been  expended  in  experiments. 
Another  source  of  loss  lies  in  the  waste  at  the  tipples  in  the  summer, 
because  the  demands  of  consumers  are  more  exacting  in  times  of 
dull  markets.  Gk>od  coal  attached  to  lumps  of  pyrite  is  often  dis- 
carded in  large  quantities,  and  so  far  this  waste  has  been  accepted 
as  unavoidable.  This  district  furnishes  one  of  the  best  illustrations 
of  the  effects  of  over-development  and  lack  of  harmony  of  interests. 
There  are,  however,  some  operations  which  are  carried  out  on  a 
considerable  scale  and  with  careful  attention  to  the  proper  planning 
of  the  work. 

The  estimates  covering  production  mentioned  previously  are  con- 
firmed by  a  personal  communication  from  another  operator,  S.  S. 
Lanier,  who  has  been  a  close  observer  in  the  district  for  thirty  years 
and  who  estimates  that  the  extraction  is  about  65  per  cent. 

The  eastern  Kentucky  district  is  of  such  recent  development  that 
estimates  of  production  are  not  very  reliable.  H.  D.  Easton,  oper- 
ating in  the  southeastern  part  of  the  state,  thinks  it  safe  to  say 
that  a  recovery  of  90  per  cent  is  being  reached  in  the  Straight 
Greek  seam  in  Bell  County,  but  much  trouble  has  been  experienced 
from  squeezes  due  to  lack  of  systematic  working. 

Mines  are  operated  on  the  room-and-pillar  system  with  rooms 
turned  from  both  sides  of  the  room  entries.  Booms  are  generally 
40  feet  wide  with  20-foot  pillars.  Gross  entries  are  driven  about 
1,200  feet  apart,  and  these  usually  extend  to  the  property  line  or 
to  the  outcrop.  It  has  been  the  practice  to  extract  the  pillar  coal  on 
the  retreat,  and  so  far  as  possible  to  keep  the  face  lined  up  over 
a  sufficient  distance  to  get  a  fall  of  roof.  Boom  tracks  are  swung 
across  the  face  of  the  pillar  and  are  moved  as  the  pillar  is  drawn 
back.  If  the  pillars  are  narrow,  the  room  tracks  are  not  moved 
even  though  the  coal  has  to  be  shoveled  15  or  20  feet. 

There  has  been  no  very  systematic  work  in  pillar  recovery  in  the 
southeastern  part  of  the  state,  and  pillars  or  stumps  have  been  left 
scattered  promiscuously,  with  the  result  that  many  costly  squeezes 
have  occurred.  One  company  has  lost  an  entire  mine  as  a  result 
of  this  practice.  It  has  been  the  general  opinion  that  it  would 
be  impossible  to  get  a  clean  break  in  the  overlying  strata  because 
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of  the  solid  sandstone  above  the  coal,  but  such  breaks  have  been 
obtained  very  suecessfolly,  even  in  rather  limited  areas. 

The  Harland  district,  the  Hazard  district,  and  the  Elkhom  dis- 
trict are  all  too  newly  developed  to  provide  a  reliable  basis  for 
estimating  recovery,  but  it  is  possible  that  the  percentage  of  recovery 
will  be  very  high. 

In  eastern  Kentucky  the  surface  is  of  no  great  value,  and  it  is 
almost  invariably  owned  by  the  coal  companies  so  that  the  necessity 
for  sustaining  it  is  not  a  factor  affecting  the  percentage  of  extrac- 
tion. 

There  are  some  operations  in  the  central  southern  part  of  the 
state,  but  the  mines  are  not  yet  sufficiently  developed  to  yield  ade- 
quate data  for  reliable  estimates  of  extraction.*  The  mines  are 
opened  by  drifts,  and  as  the  coal  is  irregular,  the  hills  have  been 
entered  at  many  points.  A  heavy  sandstone  occurs  between  the  two 
seams  worked,  and  pillars  have  not  been  drawn  in  the  lower  seam, 
because  it  has  been  feared  that  the  upper  seam  would  be  damaged. 
In  the  upper  seam,  pillar  drawing  has  not  been  practiced  to  any 
great  extent,  because  when  tried,  it  has  resulted  in  breaks  extending 
to  the  surface  through  which  considerable  water  has  entered.  It 
is  the  intention  of  the  operators  to  extract  the  pillars  when  the 
mines  have  been  worked  out,  and  the  final  percentage  of  extraction 
will  probably  be  high. 

28.  Tennessee. — Little  information  is  available  on  the  percentage 
of  recovery  in  Tennessee,  and  the  statements  obtained  are  not  alto- 
gether in  agreement.  One  operator,  t  formerly  connected  with  the 
industry  in  Tennessee,  states  that  a  few  years  ago  the  mining  practices 
were  not  good.  On  the  first  mining,  about  50  per  cent  of  the  coal 
was  taken,  and  the  ultimate  recovery  was  probably  about  80  per  cent. 
Because  of  the  low  value  of  coal  lands,  less  effort  is  made  to  get  a 
maximum  recovery  than  in  some  other  districts  where  coal  lands 
are  more  valuable. 

R.  A.  Shiflett,t  Chief  Mine  Inspector,  says  that  it  would  be  diffi- 
cult to  give  any  general  percentage  for  extraction  since  the  coal 
measures  vary  in  dip  from  horizontal  to  40  degrees,  and  in  some 
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cases  from  horitzontal  to  vertical.  In  a  large  number  of  mines  it 
is  impossible  to  map  out  any  definite  method  of  mining,  and  con- 
ditions have  to  be  met  as  they  are  encountered. 

Nearly  all  the  drift  mines  are  developed,  on  the  double-entry 
room-and-pillar  system.  Booms  are  driven  from  250  to  300  feet,  and 
room  pillars  are  drawn  as  soon  as  the  rooms  are  finished.  If  condi- 
tions are  favorable,  the  entry  pillars  and  room  stumps  are  recovered 
on  the  retreat ;  and  where  the  coal  is  practically  level,  40  to  50  inches 
thick  and  with  good  roof  and  bottom,  about  90  per  cent  is  extracted 
under  careful  management.  This  percentage  is  not  reached  in  many 
mines  because  of  lack  of  attention  to  high  extraction.  It  is  thought 
that  the  extraction  in  general  does  not  exceed  65  per  cent,  but  that 
this  percentage  could  be  greatly  increased  by  proper  methods  and 
careful  management. 

One  company,*  whose  method  was  to  turn  rooms  on  the  advance 
and  immediately  to  draw  room  pillars  back  to  within  65  or  70  feet 
of  the  entry  on  completion  of  the  room,  obtained  a  recovery  of 
nearly  90  per  cent  up  to  about  the  beginning  of  1916.  At  that  time 
four  cross  entries  were  lost  from  heaving  of  the  soft  bottom.  The 
cover  is  500  to  800  feet  in  thickness,  the  coal  is  56  inches  in  thick- 
ness, and  the  bottom  is  of  soft  fire  clay  from  4  to  7  feet  in  thickness. 
This  company  is  planning  the  introduction  of  the  long-wall  method. 
A  face  of  about  300  feet  will  be  formed  by  connecting  the  ends  of 
two  entries.  It  is  thought  that  the  single  stick  timbering,  with  per- 
haps an  occasional  crib,  will  be  sufficient.  It  is  expected  that  the  bot- 
tom will  heave  and  reach  the  roof  as  the  latter  bends  down.  The 
scarcity  of  labor  and  the  irregularity  of  the  car  supply  make  the 
success  of  long-wall  operations  somewhat  doubtful ;  and  if  it  is  neces- 
sary tempk>rarily  to  abandon  this  method,  another  which  is  illustrated 
in  Fig.  37  will  be  adopted.  In  this  method  apparently  a  little  more 
than  50  per  cent  of  the  coal  would  be  taken  out  from  rooms,  and 
the  ultimate  percentage  of  extraction  should  be  almost  complete. 
The  method  will  permit  concentrated  working,  and  much  of  the 
trouble  due  to  the  conditions  of  the  floor  and  roof  will  probably  be 
avoided. 

29.    Alabama, — ^Although  Alabamat   is  an  important  producer 


*  HatcbetOB,  W.  0.,  Panonal  Commanicfttion. 

t  Stronff.  J.  B.,  "Alftbama  Mining  Methods,"  Minai  and  Minerals,  Vol.  21,  p.  105,  and 
Personal  Oowmnnication. 


Digitized  by 


Google 


PERCENTAGE  OF  EXTRACTION  OF  BITUMINOUS  COAL 


123 


of  coal,  the  working  conditions  are  not  so  good  as  those  of  Pennsyl- 
vania, Kentucky,  and  some  other  states.  One  of  the  distinctive 
features  of  the  Alabama  coal  field  is  that  although  there  are  five 
seams  of  coal,  rarely  more  than  one  of  them  is  workable  at  any  one 
place;  in  one  portion  of  Jefferson  County,  for  instance,  the  Pratt 
seam,  which  is  considered  the  topmost  workable  seam  of  the  Alabama 
coal  measures,  may  have  a  working  thickness  of  4  feet,  while  at  a 
distance  of  two  or  three  miles  the  same  seam  may  not  be  more  than 


Fio.  37.    Pboposid  Plan  of  Wind  Book  Coal  Company,  Tsnnisso 

2  feet  thick.  The  coal  beds,  including  the  Pratt  bed,  vary  rather 
abruptly  within  a  few  miles  with  regard  to  thickness,  impurities, 
and  character  of  roof. 

The  Pratt  seam  has  been  worked  longer  and  more  extensively 
than  any  other  seam  in  this  district.  It  is  probable  that  the  recovery 
from  this  seam,  under  the  best  methods  of  working  with  the  room- 
and-pillar  system,  is  about  87  per  cent.  This  percentage  applies 
only  where  the  thickness  is  three  feet  or  more;  coal  thinner  than 
this  cannot  profitably  be  removed. 

The  Mary  Lee  seam,  which  is  supposed  to  contain  the  thickest 
workable  coal,  lies  about  300  feet  below  the  Pratt  seam,  and  is  the 
one  that  the  operators  of  the  Birmingham  district  expect  to  work 
during  the  next  twenty  years.  So  far  as  it  is  known,  the  thickness 
of  the  bed  ranges  from  6  to  10  feet.  It  is  difficult  to  get  reliable  esti- 
mates of  the  recovery  of  coal  in  this  seam,  but  one  operator  reports, 
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on  the  basis  of  an  experience  of  twenty  years,  that  the  recovery  has 
been  about  90  per  cent. 

There  are  mines  on  lower  seams  in  other  localities,  but  little  atten- 
tion has  been  paid  to  the  extraction  of  a  high  percentage  of  the  coal. 
The  operation  of  these  mines  depends  largely  upon  market  condi- 
tions, and  they  are  probably  not  operated,  on  the  average,  more  than 
half  the  time.  Under  these  conditions  the  loss  of  pillar  coal  caused 
by  falls  of  roof  is  necessarily  large. 

The  Alabama  mines,  with  the  single  exception  of  the  Montavallo 
mijie,  where  a  change  is  being  made  to  the  long-wall  system,  are 
worked  on  the  room-and-pillar  system.  The  larger  operations  are 
in  the  neighborhood  of  Birmingham,  and  in  this  district  the  car- 
boniferous measures  are  tilted  and  broken  to  a  great  extent.  This 
condition  affects  the  roof  of  the  coal  under  cover  for  a  considerable 
distance.    Both  top  and  bottom  are  of  variable  character. 

In  the  larger  operations  at  least,  the  triple  entry  system  is  used. 
Commencing  at  a  distance  of  800  feet  from  the  surface,  cross  entries 
are  usually  driven  about  350  feet  apart.  Until  the  entries  have  been 
driven  a  few  hundred  feet,  it  is  not  possible  to  determine  whether 
they  should  be  narrow  or  wide  enough  to  provide  storage  for  the 
impurities  of  the  bed  and  the  brushing  of  the  roof.  Booms  are 
generally  opened  narrow  also,  (30  feet  wide)  with  25-foot  room  pillars, 
until  it  is  determined  whether  the  character  of  the  overlying  strata 
and  of  the  floor  will  permit  the  working  of  wider  rooms. 

Probably  75  per  cent  of  the  large  operators  in  the  district  have 
adopted  the  plan  of  immediate  pillar  drawing  in  preference  to  that 
of  driving  the  narrow  work  to  the  limit  and  pulling  the  pillars  upon  the 
retreat.  In  a  number  of  instances,  rooms  are  driven  40  feet  wide  with 
30-foot  pillars  and  are  worked  for  a  distance  of  300  feet,  or  to  the 
entry  above ;  then  a  cut  is  taken  across  the  end  of  the  pillar,  and  the 
pillar  is  drawn  back  to  the  entry  stump.  When  the  room  pillars  are 
drawn  on  the  advance,  there  is  no  difficulty  in  getting  room  stumps 
and  air-course  pillars  after  the  entry  work  is  complete. 

Strong  estimates  the  recovery  in  mines  operated  by  the  larger 
corporations  to  be  from  87  to  90  per  cent.  Priestly  Toulmin,  another 
operator,*  confirms  these  values  by  stating  that  the  average  extrac- 
tion in  Alabama  is  not  less  than  75  per  cent  and  not  more  than  80 
per  cent,  so  that  possibly  77^  per  cent  would  be  a  fair  value.    In 
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some  mines  the  extraction  is  less  than  60  per  cent,  and  in  others  it  is 
more  than  95  per  cent. 

G.  F.  DeBardeleben*  furnishes  the  following  estimates: 
At  one  operation  where  768.6  acres  had  been  worked  over,  assum- 
ing the  average  thickness  of  coal  to  be  4  feet  and  that  25  cubic  feet 
of  coal  in  place  make  a  ton,  the  coal  available  was  5,356,834  tons 

Tons  mined 3,028,960    ' 

Extraction 56.5  per  cent 

AsBuming  that  12.5  per  cent  more  will  be  obtained  from  pillars, 
the  extraction  will  amount  to  about  63  per  cent.  At  another  opera- 
tion where  the  average  thictmess  is  5  feet  and  316.6  acres  have 
been  worked  over,  the  coal  available  was 2,758,219  tons  . 

Tons  produced 1,847,582 

Extraction    67  per  cent 

Assuming  a  probable  extraction  of  pillars,  the  final  recovery 
will  amount  to  about  70  per  cent.  At  a  third  mine,  where  conditions 
were  favorable  because  of  level  coal  and  the  absence  of  gas,  25-foot 
rooms  were  driven  on  75-foot  centers;  the  pillar  was  drawn  back 
half  way  to  the  entry  as  soon  as  a  room  was  finished,  the  entry  pillars 
and  room  stumps  being  extracted  when  the  entry  was  abandoned. 
Under  these  conditions  the  recovery  was  about  85  per  cent. 

G.  H.  Nesbitt,  Chief  Mine  Inspector  of  Alabama,  estimates  the 
average  recovery  to  be  80  per  cent,  the  highest  percentages  being 
reached  in  the  Pratt  and  Montavallo  beds.t  There  has  been  great  im- 
provement in  the  percentage  of  extraction  in  the  past  twenty  years,  and 
even  in  the  past  ten  years.  This  improvement  has  been  due  largely 
to  more  nearly  complete  and  accurate  mapping,  and  to  more  improved 
and  effective  methods  of  controlling  the  water  in  slope  and  shaft 
mines. 

30.  Indiana. — ^Almost  no  information  has  been  available  con- 
cerning the  percentage  of  coal  extracted  in  Indiana  mines.  W.  M. 
Zeller  t  reports  that  the  extraction  in  the  Brazil  district  is  probably 
about  60  per  cent.  This  estimate  agrees  fairly  well  with  the  estimates 
of  operators  in  southern  Illinois,  and  since  such  estimates  have  been 
found  to  be  too  high  in  almost  all  instances,  it  is  probable  that  the 
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average  extraction  in  Indiana,  as  in  southern  Illinois,  will  not  exceed 
50  per  cent. 

31.  Michigan. — ^The  coal  beds  in  Michigan  are  irregular  in  ex- 
tent and  decrease  in  thickness  with  depth.  Sometimes  they  are 
entirely  cut  out  by  erosion  or  replaced  by  sandstone  and  other  mate- 
rials. Usually  the  beds  above  the  coal  consist  of  black  shale,  and 
they  are  often  weak.  Owing  to  erosion,  coal  is  sometimes  found 
directly  below  clay,  sand,  or  gravel,  or  below  other  unconsolidated 
rocks,  where  it  is  practically  unworkable.  At  several  mines  the 
roof  is  of  black  bituminous  limestone.  In  most  instances  the  floor 
is  of  fire  clay  or  shale,  although  sandstone  is  sometimes  found.  The 
thickness  of  coal  varies  from  2  feet,  6  inches  to  3  feet,  10  inches,  a 
fair  average  at  Saginaw  being  3  feet.  In  the  Saginaw  Valley  the 
surface  is  level.* 

B.  M.  Randall  states  t  that  the  first  company  in  the  district  oper- 
ated within  the  city  limits  of  Saginaw,  and  that  because  of  the  neces- 
sity of  leaving  pillars  to  protect  the  surface  the  recovery  was  only 
about  68  to  70  per  cent.  At  present  this  company  is  operating  in 
farming  districts  where  it  is  not  necessary  to  maintain  the  surface; 
and  the  recovery,  within  the  last  five  years,  has  been  about  90  per 
cent.  The  room-and-pillar  system  is  used  with  rooms  projected  40- 
feet  wide  on  50-foot  centers  and  driven  150  feet,  but  the  actual 
dimensions  vary  according  to  the  conditions  of  the  roof.  Short-wall 
machines  are  used  for  undercutting.  It  is  estimated  that  75  per 
cent  of  the  room  pillars  and  95  per  cent  of  the  entry  pillars  are 
recovered,  and  that  the  extraction  on  the  advance  is  70  per  cent. 
The  conditions  at  the  old  and  at  the  new  mines  have  been  so  different 
that  it  is  impossible  to  give  an  average  value  for  the  extraction,  but 
it  is  believed  that  the  extraction  in  the  new  mines  in  the  area  act- 
ually worked  will  be  from  85  to  90  per  cent. 

32.  Iowa, — The  physical  conditions  in  the  Iowa  coal  field  are 
not  uniform.  The  cover  ranges  in  thickness  from  a  few  inches  to 
300  feet,  and  consists  of  the  coal  measure  beds  and  glacial  drift, 
the  latter  commonly  constituting  the  larger  part  of  the  thickness. 
The  workable  coal  beds  generally  have  a  top  of  draw  shale  varying 
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from  a  few  inches  to  two  feet  in  thickness.  Above  this  is  a  bkack 
shale,  or  sometimes  a  bituminous  or  argillaceous  limestone.  In  the 
latter  case  this  rock  is  often  strong  enough  to  permit  a  reduction 
in  the  amount  of  timber  used  and  thereby  to  facilitate  mining.  This 
condition  makes  it  possible  in  Appanoose  County  to  work  a  bed  in 
which  the  thickness  of  clean  coal  is  only  about  25  to  27  inches.  The 
bottom  everywhere  consists  of  plastic  fire  clay,  and  in  the  Appanoose 
field  the  undercutting  is  done  in  this  clay.  Its  occurrence  is  fre- 
quently the  cause  of  creep  in  room-and-piUar  mines.  The  most  un- 
favorable conditions  are  found  through  the  northern  end  of  the 
Iowa  coal  fields. 

Even  in  single  districts  the  percentage  of  extraction  varies  be- 
tween wide  limits.  The  maximum  extraction,  estimated  at  90  per 
cent  or  more,  is  reached  in  the  Appanoose  field,  where  the  long-wall 
system  is  employed.  An  operator*  familiar  with  conditions  in  these 
long-wall  mines  says  that  the  extraction  is  complete,  but  that  it  is 
less  than  the  previously  calculated  amount  of  coal  in  the  ground 
because  of  the  presence  of  faults. 

In  the  room-and-pillar  districts  the  extraction  rarely  if  ever 
exceeds  75  per  cent,  and  under  especially  bad  conditions  of  bottom 
and  top  with  an  abundance  of  water,  it  may  not  exceed  50  per  cent. 
Probably  a  fair  average  of  recovery  for  the  state  is  70  per  cent.  The 
percentages  given  refer  only  to  the  bed  mined  and  to  the  area  of 
actual  mining  operations.  When  larger  areas  are  considered,  the 
percentage  of  recovery  is  less  because  of  the  loss  of  considerable  quan- 
tities of  coal  through  lack  of  cooperation  between  owners,  a  loss 
estimated  to  be  at  least  10  per  cent.t 

The  engineer!  of  one  of  the  operating  companies  says  that  in 
the  room-and-pillar  mines  with  which  he  is  familiar  the  recovery 
will  average  about  75  per  cent,  and  that  a  recovery  of  80  per  cent  is 
expected  in  the  newer  mines. 

33.  Missouri. — The  coal  fields  of  Missouri  may  be  roughly 
divided  into  three  districts,  the  first  district  lying  near  the  middle  of 
the  state  in  Macon  and  Randolph  Counties  where  operations  are 
conducted  on  the  room-and-pillar  method,  the  second  district  farther 
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west  along  the  Missouri  River  in  the  vicinity  of  Lexington  where 
operations  are  conducted  on  the  long-wall  system,  and  the  third  dis- 
trict in  the  southwestern  part  of  the  state,  where  the  conditions  are 
similar  to  those  of  southeastern  Kansas  and  northeastern  Oklahoma 
and  where  the  room-and-pillar  system  has  generally  been  followed. 
Recently  a  considerable  quantity  of  coal  has  been  obtained  in  the 
southwest  district  by  stripping. 

In  Randolph  and  Macon  Counties,  in  the  neighborhood  of  Bevier, 
the  coal  is  considerably  broken  by  faults  and  horsebacks,  and  recov- 
ery does  not  exceed  50  per  cent.*  In  the  long-wall  district  the  ex- 
traction in  the  area  worked  out  is  practically  complete,  but  most  of 
the  operations  are  conducted  on  a  small  scale  and  no  estimates  cover- 
ing the  probable  extraction  over  the  whole  area  are  available. 

In  the  southwestern  part  of  the  state  the  continuity  of  the  coal 
is  considerably  broken  by  horsebacks,  as  in  the  neighboring  parts  of 
Kansas  and  Oklahoma.  Mining  methods  have  not  been  highly  devel- 
oped, and  no  great  attention  has  been  paid  to  completeness  of  extrac- 
tion. It  is  not  probable  that  the  extraction  in  this  district,  within 
the  areas  worked,  will  be  more  than  50  per  cent. 
I 

34.  Arkansas. — Steel  saysf  that  the  ordinary  waste  of  coal  in 
Arkansas  is  unusually  great  even  for  this  country,  a  fact  to  be 
accounted  for  partly  by  unfavorable  geological  conditions.  In  addi- 
tion to  the  wastes  common  to  all  coal  producing  states  there  are 
others  due  to  local  geological  and  physical  conditions,  which  Steel 
considers  unusually  unfavorable  in  Arkansas. 

There  is  considerable  loss  because  of  irregularities  of  entries, 
due  to  the  varying  dip  of  the  bed.  Entries  which  are  turned  from 
the  slope  at  standard  distances  measured  along  the  coal  seam  will 
have  variable  and  perhaps  severe  grades  if  they  are  driven  straight 
or  will  be  very  crooked  if  they  are  driven  on  grade.  If  the  dip  in- 
creases and  the  entries  are  driven  on  grade,  the  distance  between 
entries  decreases  and  sometimes  the  rooms  between  entries  become  so 
short  that  the  entry  from  which  they  are  turned  is  discontinued ;  then 
rooms  from  the  entry  below  are  driven  long  enough  to  take  out  all 
the  coal,  or  part  of  it,  which  would  have  been  taken  out  through  the 
intermediate  entry.     Sometimes  the  length  of  rooms  necessary  to 


*  Taylor,  H.  N.,  Personal  Cominimieation. 
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extract  all  the  coal  would  be  so  great  that  part  of  it  is  left.  Some- 
times this  is  won  through  the  upper  entry,  and  sometimes  it  is  lost. 

There  are  also  losses  due  to  irregularities  in  the  coal,  and  entries 
are  frequently  not  extended  through  areas  of  low  coal  to  get  the  good 
coal  lying  beyond.  Areas  of  thin  coal  are  commonly  abandoned. 
The  losses  due  to  thin  or  poor  coal  are  greater  perhaps  in  Arkansas 
than  in  other  states,  because  the  dip  of  the  beds  makes  the  driving 
of  entries  around  these  poor  areas  considerably  more  expensive,  and 
it  is  not  profitable  to  take  out  good  coal  lying  beyond  poor  coal  un- 
less the  area  of  the  good  coal  is  large.  There  is  often  considerable 
loss  from  the  abandonment  of  parts  of  beds.  In  many  places  the 
different  benches  of  thick  beds  are  separated  by  thick  partings;  if  a 
single  bench  is  thick  enough  to  mine,  it  is  worked  separately,  and 
sometimes  the  bench  above  it  or  below  it  is  lost.  The  loss  of  coal  in 
this  form,  though  not  so  great  as  formerly,  is  probably  greater  in 
Arkansas  than  in  any  other  state,  with  the  possible  exception  of 
Colorado.  Loss  due  to  the  need  of  protecting  the  surface  is  not 
serious,  because  the  value  of  the  surface  is  low,  and  the  rough  topog- 
raphy insures  good  drainage. 

H.  Denman,*  an  operator  familiar  with  the  district,  expresses 
the  opinion  that  the  recovery  in  both  Arkansas  and  Oklahoma  does 
not  exceed  50  per  cent.  In  certain  portions  of  a  mine  the  recovery 
may  be  as  high  as  70  per  cent,  but  he  believes  if  the  whole  area  of 
the  mine  is  considered,  the  percentage  of  extraction  will  not,  in  any 
case,  exceed  55  per  cent.  These  statements  are  applicable  to  both 
Arkansas  and  the  neighboring  Oklahoma  district,  as  the  same  system 
of  mining  is  used  in  both. 

The  system  of  mining  in  the  Arkansas-Oklahoma  field  is  practi- 
cally the  same  that  was  used  when  the  field  was  first  opened  about 
forty  years  ago.  There  is  no  systematic  attempt  at  laying  out  mines 
with  the  view  of  drawing  pillars,  but  the  general  plan  is  to  get  as 
much  coal  as  possible  in  the  first  working  and  to  abandon  the  re- 
mainder. There  is  one  mine  in  which  an  attempt  is  being  made  to 
plan  the  work  so  as  to  obtain  the  pillar  coal,  but  this  attempt  is  so 
recent  that  it  is  impossible  to  foretell  the  degree  of  its  success.  The 
widths  of  rooms  and  pillars  are  influenced  by  the  charges  for  narrow 
work  and  for  yardage,  which  are  so  high  that  neither  narrow  rooms 
nor  long  break-throughs  can  be  driven.    At  present  the  average  room 

*  Penonal  OommunieAtioii. 
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get  men  to  work  the  low  coal.  A.  C.  Terrill  reports*  that  the  closest 
estimates  of  those  most  familiar  with  conditions  place  the  recovery 
at  about  50  per  cent. 

The  approaching  exhaustion  of  the  shallower  mines  has  neces- 
sitated the  working  of  the  northern  part  of  the  district  where  the 
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Fio.  38.    Panel  Lono-wall  in  Oklahoma 


cover  is  about  250  feet  thick.  At  least  one  of  the  operators  desired 
to  work  these  deeper  mines  by  the  panel  method,  but  it  has  not  as 
yet  been  found  possible  to  reach  satisfactory  arrangements  with  the 
mine  workers.  Since  a  makeshift  adopted  to  prevent  the  spread 
of  squeezes  leaves  two  rooms  out  of  seven  unworked,  the  recovery  has 
been  reduced  about  1,000  tons  per  acre.  The  operators  still  hope  that 
they  may  be  able  to  introduce  the  panel  system  and  thus  materially 
increase  the  recovery,  t 

In  recent  years  a  large  amount  of  coal  has  been  taken  from  this 
district  and  from  the  neighboring  region  in  Missouri  by  extensive 

*  Penonal  Oommunication. 
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stripping  operations.     In  the  area  worked  over,  the  extraction  by 
this  method  is  practically  complete. 

36.  Oklahoma. — In  Oklahoma  the  coal  is  produced  largely  by 
individual  operators,  the  land  being  owned  by  the  Indian  nations 
and  leased  to  operators  in  small  tracts.  *  Elaborate  plans  for  mining 
are  not  to  be  expected  under  these  conditions.  Elliot  estimated  that 
the  recovery  of  the  entire  bed  worked  was  not  more  than  55  per  cent. 
He  said  that  the  low  percentage  of  recovery  was  due  to  the  extrav- 
agant system  of  room-and-pillar  mining  adopted,  and  that  this  system 
could  not  be  changed  because  of  unfavorable  labor  conditions. 

The  Bock  Island  Coal  Mining  Company  obtains  an  extraction  of 
48.18  per  cent  in  the  McAlester  district.  In  the  Hartshome  district 
this  company  has  five  mines,  their  percentages  of  extrisu2tion  being 
56.6,  52.6,  55.0,  51.5,  and  47.8,  respectively.  The  average  percentage 
of  extraction  at  these  five  mines  is  52.7  and  the  average  of  all  the 
mines  of  the  company  in  Oklahoma  is  51.8.  t 

This  company  is  now  trying  a  panel  long-wall  plan  (Fig.  38)  with 
the  hope  of  increasing  the  extraction  from  about  57  to  about  70  per 
cent.  The  coal  is  about  3  feet,  4  inches  thick,  and  dips  from  5  to  8 
degrees.  The  working  face  is  parallel  with  the  dip.  The  roof  along 
the  face  was  at  first  supported  by  cribs  built  of  8-inch  by  8-inch 
timbers  about  4  feet  long  and  these  cribs  were  withdrawn  and  moved 
forward  as  the  face  advanced,  the  roof  being  allowed  to  fall.  A  row 
of  props  was  also  used  to  support  the  top  above  a  conveyor  used  for 
carrying  the  coal  along  the  face.  At  present  the  use  of  cribs  has  been 
discontinued,  except  along  the  ribs  of  the  entries,  and  10-inch  by 
10-inch  props  are  used  to  support  the  roof.  These  are  drawn  and 
reset  as  the  face  advances.  The  necessity  of  using  props  on  both 
sides  of  the  conveyor  constitutes  one  of  the  difSculties  of  the  opera- 
tion. The  roof  breaks  as  the  face  advances.  There  seems  to  be  no 
great  difficulty  in  the  use  of  undercutting  machines,  but  sometimes 
the  coal  falls  too  soon  for  convenience  in  loading,  and  large  lumps 
clog  the  conveyor.  While  this  operation  must  still  be  considered  in 
the  experimental  stage,  the  working  face  has  been  advanced  about 
130  feet  without  serious  difficulty.    It  is  planned  that  the  pillars  fiank- 


*  EUiot,  Jftines,  *'  Conditions  of  the  Coal  Mining  Indaitry  of  Oklahoin»."   Proc  Amer. 
Min.  Oonf.,  p.  221,  1911. 
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ing  the  long-wall  panel,  left  during  the  advance,  shall  be  taken  out 
on  the  retreat. 

37.  Texas, — There  are  three  bituminous  coal  fields  and  one 
lignite  field  in  Texas.  In  one  bitumionus  field  in  the  north  central 
portion  of  the  state,  practically  all  the  mines  are  operated  on  the 
long-wall  plan,  and  the  recovery  is  nearly  complete.  The  two  other 
bituminous  fields  are  located  in  the  southwestern  part  of  the  state 
along  the  Rio  Grande.  In  this  district  the  mines  are  operated  on 
the  room-and-pillar  plan,  and  the  recovery  is  said  to  be  about  75 
per  cent.  The  lignite  field  extends  entirely  across  the  state  from  the 
northeast  comer  in  a  southwesterly  direction  to  the  Rio  Grande.  All 
lignite  mines  are  worked  on  the  room-and-pillar  method,  and  the 
recovery  varies  greatly  in  different  parts  of  the  state,  but  75  per 
cent  is  probably  the  average.* 

38.  North  Dakota, — J.  W.  Bliss,  State  Engineer,  estimates  that 
the  recover}'  in  the  coal  mines  of  North  Dakota  is  between  70  and 
75  per  cent.  The  manager  of  one  mine  claims  a  recovery  of  about 
85  per  cent,  t 

39.  Colorado. — ^The  principal  producing  districts  of  Colorado 
are  the  bituminous  district  in  the  southeastern  part  of  the  state,  near 
Trinidad,  and  the  lignite  district  just  east  of  the  mountains  in  the 
northern  part  of  the  state.  The  bituminous  district  is  the  more  im- 
portant. In  the  Trinidad  district |  the  average  thickness  of  the 
coal  is  about  6  feet.  The  top  is  strong,  and  the  bottom  is  weak. 
Entries  are  driven  to  a  fixed  boundary,  and  the  rooms  which  are 
needed  to  supply  enough  coal  to  keep  the  driver  busy  are  turned. 
When  the  boundary  is  reached,  rooms  are  turned  at  the  inby  end  of 
the  entry,  and  pillar  drawing  is  commenced  as  soon  as  the  rooms 
reach  their  limits.  Nearly  all  the  coal  is  taken  out  on  the  retreat. 
Rooms  have  a  maximum  width  of  18  feet,  and  room  pillars  are  32 
feet  wide.  All  work  is  done  with  picks.  The  coal  is  soft  and  occa- 
sionally the  pillars  crush,  but  most  of  the  difficulty  encountered  is 
due  to  heaving  of  the  bottom.    The  cover  averages  more  than  600 


*  Gentry.  B.  S.,  State  Inspector  of  Mines.  Persona)  Oomiiranication. 
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feet  in  thickness.  The  output  from  mines  in  this  district  is  used 
largely  in  connection  with  steel  making,  and  operations  are  very 
regular,  most  of  the  mines  being  worked  every  day  in  the  year.  The 
recovery  at  a  typical  mine  in  this  district,  calculated  for  operations 
over  a  period  of  several  years,  is  87.2  per  cent. 

In  the  domestic  coal  district  in  the  neighborhood  of  Walsenburg, 
the  average  thickness  of  coal  is  5  feet.  It  is  stronger  than  the  coal 
in  the  Trinidad  district,  and  a  squeeze  is  very  unusual.  The  cover 
averages  about  400  feet  in  thickness.  As  a  rule  the  bottom  in  this 
district  is  stronger  than  the  top,  and  little  difficulty  is  experienced 
from  heaving.  The  work  is  less  regular  than  in  the  Trinidad  district, 
although  it  is  fairly  regular  except  in  March  and  April  when  the 
mines  are  usually  worked  about  half  time.  Booms  are  driven  25  feet 
wide  on  50-foot  centers.  There  is  little  difficulty  in  drawing  pillars. 
The  tendency  in  these  districts  has  been  to  drive  narrow  rooms  and 
to  leave  wide  pillars,  and  this  has  assisted  in  increasing  the  percent- 
age of  recovery.  The  extraction  in  a  typical  mine  in  this  district, 
calculated  for  operations  over  a  period  of  several  years,  is  91.7  per 
cent.  The  chief  engineer*  of  another  company  operating  in  this 
same  district  believes  the  extraction  in  certain  portions  of  the  mines 
of  his  company  will  reach  80  per  cent.  In  the  Canyon  district  the 
long-wall  system  is  used,  and  the  recovery  is  nearly  complete. 

40.  New  Mexico. — ^No  information  is  available  concerning  the 
percentages  of  extraction  in  New  Mexico. 

41.  Utah. — The  principal  coal  fields  of  Utah  are  located  in 
Carbon  County,  t  The  main  coal  horizon  has  from  two  to  four  work- 
able beds,  from  5  to  28  feet  in  thickness.  The  main  workable  bed, 
known  as  the  Castle  Gate,  varies  in  thickness  from  5  to  20  feet,  and 
rests  on  a  massive  close-grained  sandstone.  The  problem  presented  by 
these  deposits  is  one  of  mining  thick  s^ms,  comparatively  level  or 
slightly  inclined.  Formerly  some  seams  4^  to  8  feet  in  thickness 
were  worked,  but  at  present  most  of  the  mining  is  done  in  seams 
varying  from  8  to  28  feet  in  thickness.  The  physical  features  to  be 
taken  into  consideration  in  this  district  are:  the  number  of  work- 
able seams,  the  thickness  of  seams  and  their  relation  to  one  another. 
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the  character  of  the  coal,  the  dip  of  seams,  the  character  of  roof  and 
floor,  cover,  faults,  dikes,  wants,  the  flow  of  water,  sometimes  gas,  and 
the  burned-out  coal  beds  in  place  with  their  residual  heat. 

Throughout  most  of  the  fields  there  are  at  least  two  workable 
seams,  and  these  are  generally  found  in  one  coal  horizon.    In  several 
secticms,  however,  there  are  three  and  sometimes  four  workable  seams 
5  feet  or  more  in  thickness.    The  distances  between  these  seams  vary 
considerably,  so  that  in  some  sections  there  are  no  unusual  problems 
involved  while  in  others  two  or  more  workable  seams  are  found  with  so 
little  intervening  strata  that  the  problem  of  successful  extraction  has 
not  yet  been  solved.    There  may  be,  for  example,  an  8-  to  14-foot  seam 
underlying  a  6-  to  10-foot  seam  with  about  200  feet  of  intervening 
strata;  in  another  instance  a  5-  to  8-foot  bed  lies  60  feet  below  one 
5  to  11  feet  thick,  and  this  lies  from  12  to  20  feet  below  a  22-foot 
seam,  which  in  turn  lies  30  feet  below  a  6-foot  seam.    In  still  another 
instance  an  11-foot  bed  is  found  from  3  to  40  feet  below  a  6-foot  bed. 
There  is  considerable  variation  in  the  physical  characteristics  of 
the  beds,  some  being  hard  and  brittle  and  others  tough.     In  some 
instances   the   cleavage   is   good,    while   in   others   it   is   not   pro- 
nounced.   Almost  without  exception  the  coals  are  hard  to  cut,  and 
some  are  hard  to  shoot.    The  average  dip  does  not  exceed  10  per 
cent,  and  in  some  places  the  beds  are  practically  flat.    As  a  rule  the 
floor  consists  of  hard  smooth  sandstone  from  which  the  coal  parts 
rather  readily.    In  many  cases  the  roof  is  of  shale  varying  in  thick- 
ness from  a  few  inches  to  several  feet.    Where  a  sandstone  roof  is 
found,  it  is  generally  too  hard  to  break  for  easy  mining.    In  some 
places  the  cover  is  more  than  2,000  feet  thick,  and  there  are  only  a 
few  localities  in  which  it  is  less  than  1,000  feet  in  thickness.    This 
heavy  cover  makes  the  mining  of  these  flat  thick  seams  a  serious 
problem  in  itself,  but  the  additional  complication  of  great  irregu- 
larity in  depth  and  the  unyielding  qualities  of  the  thick  beds  of 
overlying  sandstone  make  the  problem  still  more  serious.     A  con- 
dition which  modifies,  at  least  locally,  the  laying  out  and  working 
of  a  mine  is  the  fact  that  near  the  outcrop  there  are  sometimes 
found  large  areas  of  burned  coal.    These  sometimes  extend  2,500  feet 
in  from  the  outcrop.   Mining  in  burned  areas  is  often  dangerous,  if  the 
burning  has  been  at  the  top,  because  of  the  disintegration  of  the  roof. 
With  one  exception  all  the  mines  of  the  district  are  opened  from 
the  outcrop  by  means  of  slopes  of  drifts.    Where  conditions  of  topog- 


Digitized  by 


Google 


136 


ILLINOIS  ENGINEERING   EXPJERIMENT  STATION 


raphy  and  property  permit,  main  slopes  are  driven  directly  on  the 
pitch  of  the  seams.  All  mining  is  by  the  room-and-pillar  method. 
An  attempt  to  use  the  long-wall  method  in  one  case  failed  because 
of  the  unyielding  nature  of  the  roof.  The  double-entry  system  is 
almost  universal,  although  in  one  case  a  triple  entry  is  used,  and  in 
some  cases  the  double-entry  system  has  been  so  modified  by  the  con- 
nection of  the  first  rooms  on  the  cross  entries  that  it  has  become  prac- 
tically  a   4-entry   system.      In    the   earlier   workings   rooms    were 
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Fio.  39.    Pillar  Drawing  in  Utah 

turned  from  the  cross  entries  as  these  were  driven,  but  the  system 
resulted  in  the  occurrence  of  bounces,  which  seem  to  take  the  place 
of  the  squeezes  that  occur  with  more  yielding  materials.  In  later 
operations  the  panel  system  has  been  used,  and  the  pillars  are  drawn 
on  the  retreat. 

Methods  of  drawing  pillars  are  of  particular  interest,  since  they 
show  how  almost  complete  extraction  can  be  attained  under  condi- 
tions which  seem  unfavorable.  These  are  described  by  Watts  sub- 
stantially as  follows: 

In  one  method  (Pig.  39),  the  block  at  the  end  of  the  pillar  on 
the  inby  side  of  the  cross-cut  is  divided  by  another  cross-cut  driven 
through  its  center,  and  from  the  center  of  this  new  cross-cut  a  narrow 
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room  which  splits  the  stump  into  two  parts  is  driven  to  the  gob.  The 
upper  inside  stump  is  taken  out  first  by  slices  beginning  at  the  inby 
end;  then  the  remaining  stump  is  removed.  The  lower  half  of  the 
original  block  or  pillar  meanwhile  is  split  by  a  narrow  road,  and  the 
process  is  thus  continued  down  the  pillar,  each  block  being  divided 
into  four  parts. 

Pillar  drawing  in  a  fiat  seam  12  to  14  feet  thick  under  a  cover 
800  feet  thick  and  under  a  roof  which  broke  fairly  well  when  posts 
were  removed  has  been  successfully  accomplished  by  the  following 


Fio.  40.    Pillar  Drawing  in  Utah 

method:  20-foot  rooms  were  driven  with  50-foot  pillars  (Fig.  40), 
and  a  cross-cut  was  driven  through  the  pillar;  thus  a  30-foot  stump 
was  left.  This  30-  by  50-foot  stump  was  then  split  by  a  12-foot  room 
which  left  a  24-  by  30-foot  stump  next  to  the  room  and  a  14-  by  30- 
foot  stump  on  the  other  side.  The  latter  stump  was  then  taken  out 
in  slices  which  begin  at  the  gob,  and  the  roof  was  supported  by  props 
set  every  4  feet.  The  coal  was  undercut  by  hand  and  shot  with 
black  powder.  When  this  block  had  been  removed,  the  track  was 
taken  up,  and  all  props  were  drawn  except  a  row  adjacent  to  the 
rib  of  block  No.  3.  These  blocks  were  numberd  in  the  order  of  their 
extraction,  1,  2,  3,  and  4.    Block  No.  3  was  then  taken  out  from  the 
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crofis-cut  to  the  gob,  track  was  laid  in  the  space,  and  block  No.  4  was 
taken  out  in  the  reverse  direction,  that  is,  beginning  at  the  gob.  In 
this  mine  3  to  6  feet  of  top  coal  are  left  up  to  protect  the  roof  on  the 
advance,  but  this  coal  is  taken  down  on  the  retreat.  When  cross- 
cuts are  made  in  pillars  preparatory  to  drawing  them  the  whole 
height  of  the  seam  is  taken. 

Pillar  drawing  in  16-foot  coal  with  a  cover  of  400  to  1,000  feet, 
with  no  top  seam  and  with  the  roof  breaking  well  when  props  are 
drawn,  is  accomplished  as  follows:  Rooms  about  400  feet  long  are 


Fio.  41.    Pillar  Drawikq  in  Utah 

driven  straight  up  the  pitch  which  averages  about  10  per  cent. 
Pillars  are  drawn  on  the  retreat,  and  the  line  of  break  is  kept  at  an 
angle  of  45  degrees  with  the  entry ;  thus  work  is  done  on  six  or  seven 
pillars  at  a  time.  Booms  are  about  20  feet  wide,  and  pillars  are  50  feet 
wide.  A  cross-cut  is  driven  through  the  pillar  30  to  35  feet  from 
the  end  (Fig.  41) ;  thus  a  block  about  25  to  30  feet  by  50  feet  is  cut 
off.  This  block  is  then  split  by  a  room  about  12  feet  wide.  Blocks 
1  and  2  are  drawn  by  slicing  which  begins  at  the  end  next  to  the  gob. 
The  top  is  supported  by  ineans  of  props  at  4-foot  intervals,  and  after 
the  two  blocks  have  been  removed  and  the  track  has  been  taken  out, 
these  props  are  pulled,  and  the  area  is  allowed  to  cave.  The  track 
is  then  laid  in  the  main  room,  and  blocks  3  and  4  are  taken  out  by 
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end  slicing  from  the  room ;  then  the  track  is  taken  out,  and  the  props 
are  pulled.  Another  cross-cut  meanwhile  has  been  made  through 
the  pillar  nearer  the  entry,  and  a  room  has  been  driven  through  the 
stump  so  that  by  the  time  the  first  stumps  have  been  extracted,  work 
is  being  begun  on  the  lower  stumps. 

In  this  mine  the  size  and  the  systematic  placing  of  profM  have 
an  important  bearing  on  the  successful  recovery  of  the  pillars.  Until 
heavy  pine  props  were  used,  trouble  was  likely  to  occur  at  any  time. 
Now  props  as  large  as  10  inches  in  diameter  at  the  small  end  with 


Original  PHIor  ipktin<trtm 
potaOtf  to  Crcaaci/fs.  ind 
S/King  storHd  on  ufptr 
H0/forP>narinbyt  kavifig 
a  narrow  Strip  of  Cool  to 
prtvtnt  6ot  bting  ka^td 


Fio.  42.    Pillar  Drawing  in  Utah 

correspondingly  heavy  caps  and,  in  some  places,  cross  bars  are  used. 
Props  are  set  at  regular  distances.  Many  of  these  props  are  recov- 
ered and  re-used  three  or  four  times.  By  the  adoption  of  this  method, 
the  safety  factor  is  largely  increased,  the  percentage  of  recovery  is 
greater,  and  the  product  is  of  better  quality.  In  some  cases  it  is 
customary  to  mark  pillars  at  regular  distances  so  that  the  mine  fore- 
man or  pillar  boss  may  easily  determine  the  progress  of  the  pillar 
work  daily  and  may  keep  the  ends  of  the  stumps  in  proper  align- 
ment. 

Another  method  of  pillar  drawing  sometimes  used  is  similar  to 
that  last  mentioned,  although  the  stump  left  is  a  little  shorter.  This 
stump  is  then  split  into  quarters,  and  the  work  of  extraction  pro- 
ceeds from  the  cross-cut  toward  the  gob,  a  thin  section  of  coal  being 
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left  to  the  last  around  the  edges  of  the  bloek  to  prevent  the  mixture 
of  fallen  roof  with  elean  coal. 

A  plan  which  has  proved  satisfactory,  partly  because  it  does  not 
split  the  pillar  into  many  small  stumi>s,  is  illustrated  by  Pig.  42. 
The  original  block  of  pillar  coal  100  feet  wide  by  120  feet  long  is 
divided  into  equal  parts  by  a  cross-cut,  and  the  upper  half  is  taken 
out  by  slicing  beginning  at  the  inner  side,  a  curtain  of  coal  being 
left  to  prevent  the  loading  of  gob,  and  one  or  two  rows  of  props.being 
put  along  the  side  of  the  coal.  Before  the  track  and  props  are  pulled, 
most  of  this  section  of  coal  is  loaded  out.  In  this  case  the  rooms  are 
18  feet  wide  and  the  pillars  100  feet  wide. 

Little  information  is  available  regarding  the  percentage  of  ex- 
traction in  Utah.  There  is  probably  only  one  mine  in  the  state  which 
has  been  worked  out,  and  no  reliable  information  can  be  obtained 
concerning  this  mine.  It  is  believed,  however,  that  the  extraction 
was  probably  about  75  per  cent.  In  coal  12  to  16  feet  thick  and  under 
cover  varying  from  200  to  2,000  feet  an  extraction  as  high  as  90 
per  cent  has  been  made,  if  marketable  coal  alone  is  considered.  If 
all  the  coal  in  the  bed  is  considered,  the  recovery  is  about  80  per 
cent.  In  beds  ranging  from  15  to  30  feet  in  thickness,  retreating 
work  has  hardly  been  started  so  that  no  information  on  total  recovery 
is  available.  It  is  possible  that  it  will  be  rather  low.  It  could  be 
made  higher  if  the  filling  method  could  be  used,  but  the  price  of  coal 
does  not  warrant  the  use  of  this  method. 

A  condition  largely  influencing  the  percentage  of  extraction  is 
the  presence  of  more  than  one  workable  seam  with  little  intervening 
material.  Under  present  conditions  the  percentage  of  extraction  from 
an  area  containing  seams  with  3  to  12  feet  of  intervening  rock  is  at 
best  only  65  per  cent  of  all  the  coal.  In  one  mine  an  attempt  was 
made  to  take  out  the  coal  from  two  beds,  the  lower  being  11  feet  thick 
and  the  upper  5  to  6  feet  thick  with  intervening  rock  21^  to  12  feet 
thick.  The  workings  were  in  the  lower  bed,  and  frequently  the  roof 
caved  as  soon  as  the  pillars  were  drawn  and  practically  all  the  upper 
seam  was  lost. 

A.  B.  Apperson*  gives  the  percentage  of  extraction  in  two  mines 
as  nearly  95  per  cent  of  the  total  seam,  while  the  extraction  at  another 
mine  is  about  85  per  cent.  At  the  mines  yielding  the  lower  percent- 
age of  extraction,  the  cover  is  about  800  feet.    At  one  of  the  mines 


'  P«nonal  Oommimtcfttion. 
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yielding  the  higher  percentage  of  extraction,  pillar  drawing  was 
commenced  at  the  middle  of  the  mine  under  a  cover  of  approximately 
1,700  feet.  A  good  break  is  obtained  about  50  feet  behind  the  pillar 
extending  the  fuU  length  of  line.  Only  small  areas  have  been  worked 
out  in  these  mines. 

42.  Washington. — iJo  reliable  information  is  available  concern- 
ing the  percentage  of  extraction  in  Washington.  Conditions  are 
somewhat  unusual  in  that  most  of  the  coal  has  been  badly  folded  and 
faulted  and  consequently  crushed,  and  the  deposits  have  been  steeply 
tilted.*  It  is  impossible  to  separate  the  refuse  in  the  mines,  and  a 
large  percentage  of  it  has  to  be  washed. 


*  Daniel.  Professor  Jos.,  Personal  Communication. 


Digitized  by 


Google 


142 


ILLINOIB  ENOIXEEBINO  EXPERIMENT  STATION 


APPENDIX 

Development  op  Mining  Methods  in  England 
and  on  the  continent 

43.  Brief  History  of  Coal  Mining  Practice  in  England. — It  is 
interesting  to  review  briefly  the  history  of  the  coal  mining  methods 
of  England,  because  the  mining  methods  employed  in  this  country 
are  largely  applications  of  methods  developed  in  England  and  brought 
over  by  miners. 

The  many  methods  of  obtaining  coal  may  be  grouped  on  the  basis 
of  recovery  under  two  main  headings :  one  in  which  the  whole  of  the 
coal  seam  is  taken  out  in  the  first  working,  and  another  in  which 


Fio.  43.    Bell  Pit 

only  a  part  of  the  seam  is  removed  in  the  first  working.    These  may 
be  called  the  no-pillar,  or  long-wall,  system  and  the  pillar  system. 

The  earliest  mining  was  naturally  done  on  the  outcrop  of  the 
seams,  and  as  this  practice  became  difficult  or  impossible,  the  use  of 
"bell-pits''  (Pig.  43)  was  developed.  These  were  holes  or  shafts, 
from  3  to  4  feet  in  diameter,  which  were  sunk  through  the  shallow 
overburden  near  the  outcrop  and  widened  out  at  the  bottom  in  order 
to  allow  the  excavation  of  as  much  coal  as  possible  without  permit- 
ting the  roof  to  fall  in.  It  was  of  course  impossible  to  extract  much 
coal  from  a  pit  of  this  kind,  and  in  order  to  obtain  the  coal  even 
from  a  small  area  it  was  necessary  to  dig  a  large  number  of  pits. 
This  method  was  gradually  abandoned,  and  the  coal  was  worked 
by  means  of  galleries  driven  out  from  the  bottom  of  the  shaft,  usually 
in  an  unsystematic  manner;  thus  began  the  use  of  pillars  to  sustain 
the  roof.    The  driving  of  galleries  permitted  the  working  of  much 
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greater  areas  than  could  be  reached  from  the  bell-pits;  however,  no 
areas  of  more  than  a  few  acres  were  worked  from  one  shaft,  nor 
were  systematic  ventilation  and  regularity  in  laying  out  the  work- 
ings introduced  until  the  exhaustion  of  the  shallow  coal  made  neces- 
sary a  study  of  methods  to  be  employed  in  deeper  workings.  Until 
the  introduction  of  the  Newcomen  engine,  when  pumping  by  steam 
power  became  possible,  shafts  were  rarely  as  deep  as  200  feet;  they 


FlO.  44.      BORD-AND-PlLLAB 

were  7  or  8  feet  in  diameter,  and  the  area  worked  from  one  shaft  was 
seldom  more  than  600  feet  in  radius.^ 

The  structure  of  many  coal  seams  is  such  that  there  are  two  direc- 
tions, determined  by  the  cleat  of  the  coal,  in  which  the  seams  can  be 
most  easily  worked.  The  direction  at  right  angles  to  the  face  cleats 
is  known  as  ''bordway,"  while  the  other  direction  approximately  at 
right  angles  to  the  first  is  known  as  ''headway."  The  excavations 
made  in  a  direction  at  right  angles  to  the  principal  or  face  cleats 


*  BulmsD  and  R«diD»7n«,  "  OoUtory  WorkiDf  snd  MunscwMDi,"  p.  3.  1906. 
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were  called  bords,  and,  as  the  coal  was  most  easily  taken  out  in  this 
direction,  these  excavations  were  made  wider  than  the  connecting 
passages  or  headways.  The  coal  left  in  place  to  sustain  the  roof 
was  called  pillars;  thus  originated  the  term,  *'bord-and-pillar'' 
method,  which  in  its  various  developments  is  commonly  known  in 
this  country  as  the  room-and-pillar  method.  This  method  was 
developed  in  different  forms  in  England  and  was  variously  called 
''bord-and-pillar,'*  **bord-and-wall,"  "  post-and-stall, "  and  '*stoop- 
and-room." 

In  early  times  the  ** pillars'*  were  probably  made  very  small  and 
square  measuring  from  3  to  6  feet  each  way.  In  the  eighteenth  cen- 
tury the  bords  were  usually  made  9  feet  wide  and  the  pillars  12  feet 


Fio.  45.    Stoop-and-Boom 


wide,  though  they  were  of  course  irregular.  The  bords  were  com- 
monly widened  out  between  the  headways  (Pig.  44),  and  the  pillars 
were  thus  gouged  to  as  great  an  extent  as  was  considered  safe,  it 
being  desirable,  in  view  of  the  comparatively  small  area  which  could 
be  reached  from  a  single  shaft  and  in  view  also  of  the  inadequate  ven- 
tilation, to  extract  as  much  coal  as  possible  within  the  area  worked* 
This  method  of  working  was  essentially  wasteful  as  not  much  more 
than  50  per  cent  of  the  coal  was  obtained,  and  since  the  pillars  left 
were  unable  to  bear  the  weight  of  the  cover,  they  were  soon  crushed 
and  further  working  was  made  impossible.*  Possibly  a  larger  per- 
centage of  coal  was  taken  out  in  some  places  as  Bedmayne  t  says  it 
was  rare  that  more  than  65  per  cent  of  the  available  area  could  be 


*  Boulton.  W.  S.,  "  Pmctical  Coal  Mining,'*  Vol.  1,  p.  2»6. 

t  Redmajne,  R.  A.  S.,  "Modern  Practice  in  Mining,"  Vol.  3,  p.  82. 
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extracted;  but  he  refers  to  John  Buddie  as  saying,  at  a  somewhat 
later  period  when  the  pillars  were  18  by  66  feet,  that  not  more  than 
45%  per  cent  of  the  contents  of  a  fiery  seam  could  be  obtained  under 
any  method  of  working  then  known.  It  was  not  until  much  later 
that  the  exhaustion  of  the  most  easily  worked  deposits  directed  atten- 
tion to  the  desirability  of  higher  extraction. 

A  system  with  square  pillars  and  working  places  of  almost  uni- 
form width  (Pig.  45)  has  continued  in  common  use  at  Whitehaven 
and  in  Scotland  down  to  the  present  time.  In  the  north  of  England 
the  pillars  were  usually  oblong,  probably  because  the  highly  devel- 
oped face  cleat  of  the  coal  made  the  extraction  in  one  direction  much 
easier  than  in  others.*  The  lengthening  of  the  pillars  reached  its 
greatest  extent  in  South  Wales  where  cross  holing  was  so  little  em- 
ployed as  scarcely  to  form  a  part  of  the  system  of  working: 

The  date  at  which  the  extraction  of  pillar  coal  was  begun  is  not 
known,  but  it  seems  certain  that  pillars  were  removed  in  the  north 
of  England  before  1740.  The  following  statementt  is  made  concern- 
ing the  removal  of  pillars: —  **The  documentary  evidence  cited  goes 
to  show  that,  previous  to  1708,  the  general  practice  was  to  leave 
small  pillars  of  coal  standing  for  the  support  of  the  roof;  30  years 
later  pillars  were  being  partially,  sometimes  entirely,  removed;  and 
during  the  remainder  of  that  century,  in  mines  free  from  gas,  a 
second  working  of  the  pillars  was  frequently  carried  out.  In  the 
deeper  and  fiery  collieries,  which  began  to  be  developed  about  the 
middle  of  the  eighteenth  century,  the  risk  of  creep  as  well  as  of  gas  ex-' 
plosions  prevented  the  removal  of  the  pillars.  The  invention  of 
the  safety  lamp,  improvements  in  ventilation,  and  the  formation 
of  much  larger  pillars  in  the  first  working  ....  were  introduced 
during  the  first  30  to  40  years  of  the  present  (nineteenth)  cent- 
ury ....  which  enabled  the  pillars  to  be  removed  in  a  second  work- 
ing.'' 

Concerning  the  size  of  pillars,  Jars,  a  French  engineer  who  pub- 
lished ** Voyages  Metallurgiques''  in  1774,  says  in  ''A  Journey 
Through  the  North  of  England,''  that  underground  pillars  of  coal 
were  made  from  39  to  54  feet  square,  and  that  working  places  were 
from  5  to  16  feet  wide.  At  this  time  the  pillars  were  left  until  all  the 
coal  was  exhausted.    Another  traveler  who  made  a  tour  of  Scotland  in 

♦  Oalloway,  R.  L.,  "AnnaU  of  Co»i  Mining  and  the  Coal  Trade,  "  p.   181,  1898. 
t  Bnhnan  and  Redmayne,  "  Colliery  Working  and  Managemant."  p.  14,   1906. 
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1772  said  that  pillars  45  feet  square  were  left  and  that  not  more  than 
one-third  of  the  coal  was  worked.* 

The  extraction  of  a  portion  of  the  pillars  in  gassy  mines  by  a 
second  working  was  just  beginning  to  be  a  regular  part  of  the  bord- 
and-pillar  system  at  this  period.  It  could,  however,  be  effected  only 
in  a  very  incomplete  manner  so  long  as  the  miners  had  to  depend 
upon  candles  and  steel  mills  for  light.  At  this  time  also  the  extensive 
adoption  of  the  long-wall  system  began.t 

In  the  early  part  of  the  nineteenth  century  little  change  seems 
to  have  been  made  in  the  size  of  pillars  used  in  the  Newcastle  district, 
according  to  a  statement  of  an  author  who  speaks  of  them  as  being 

60  by  27  feet  or,  in  some  instances,  27  feet  square.  About  this  time 
the  drawing  of  pillars  seems  to  have  become  common  in  Northumber- 
land, as  Mackenzie,  who  wrote  a  **View  of  Northumberland"  in 
1825,  speaks  of  the  mode  of  working  coal  as  being  much  improved 
in  the  last  few  years.  He  says  (second  edition,  page  90),  **from 
seven-eights  to  nine-tenths  of  the  coal  is  at  present  raised,  whilst 
formerly  but  one-half,  and  frequently  less,  was  all  that  could  be  ob- 
tained." No  doubt  this  statement  refers  to  the  general  practice  of 
removing  pillars,  which  had  been  made  practicable  in  gassy  mines 
by  the  invention  of  the  Davy  lamp. 

Conflicts  of  interests  between  coal  producers  and  owners  of  the 
surface  are  of  early  record.  It  was,  of  course,  the  desire  of  the 
colliers  to  remove  as  much  of  the  coal  as  possible,  even  where  the 
surface  was  supposed  to  be  maintained,  and  the  result  of  making 
pillars  too  small  was  subsidence.  There  is  probably  no  definite  rec- 
ord of  the  first  occurrence  of  subsidence,  but  one  of  the  earliest 
mining  leases  written  in  the  English  language,  dated  1447,  indicates 
that  it  was  the  custom  to  leave  pillars  to  sustain  the  surface  and  that 
subsidence  had  already  taken  place.  $ 

In  the  latter  part  of  the  eighteenth  century  the  working  of  pillars 
in  a  fiery  mine,  such  as  Wallsend  Colliery,  was  not  considered  prac- 
ticable, and  only  about  39  per  cent  of  the  coal  was  obtained  while 

61  per  cent  was  permanently  lost.  This  coal  was  at  a  depth  of  600 
feet,  and  the  workings  represent  the  best  practice  of  the  bord-and- 
pillar  system  at  that  period.1f 

*GftUow»7,  B.  L..  *'Aimftls  of  OoaI  Mininf  and  th«  Ooal  Tntde."  p.  858.  1808. 
t  n>id,  p.  863. 
t  n>id,  p.  60. 
f  Tbid,  p.  308. 
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Until  about  the  end  of  the  eighteenth  century  an  extraction  of 
45.5  per  cent  was  considered  the  maximuTn  which  could  be  obtained 
in  the  deep  collieries  of  the  Tyne.*  The  first  person  to  offer  a  par- 
tial remedy  for  this  very  unsatisfactory  condition  was  Thomas 
Barnes,  viewer  of  Walker  Colliery,  who  projected  a  scheme  in  1795 
for  recovering  a  portion  of  the  pillars  without  causing  loss  of  the  mine. 
This  system  provided  for  dividing  the  workings  into  small  sections 
of  10  to  20  acres  and  isolating  these  with  artificial  barriers  formed  by 
filling  the  excavated  spaces  with  stones  and  refuse  for  a  breadth  of  120 
to  150  feet.  By  this  method  one-half  of  alternate  pillars,  or  one-quarter 
of  the  remaining  coal,  was  removed,  and  the  percentage  of  extraction 
was  increased  from  about  39  to  about  54  per  cent.  Wherever  pillars 
were  thus  removed,  a  squeeze  was  brought  on,  but  the  barriers  kept  it 
from  spreading.  This  method  proved  to  be  successful,  and  it  was 
adopted  at  other  collieries. 

Probably  about  this  time  the  pillars  at  Wallsend  Colliery  were 
left  larger  as  a  preparatory  step  toward  a  second  working.  Buddie 
said  that  after  about  one-third  of  the  colliery  had  been  worked  by 
means  of  36-foot  winnings  (12  feet  to  the  bord,  24  feet  to  the  wall  or 
pillar)  in  which  no  more  coal  was  left  in  pillars  than  was  consid- 
ered sufficient  to  support  the  roof,  the  size  of  the  winnings  was  in- 
creased to  45  feet  (15  feet  to  the  bord  and  30  feet  to  the  pillar). 
''This  change  of  size,"  he  said,  ''was  not  made  for  the  purpose  of 
obtaining  a  greater  produce  in  the  first  working  of  the  seam.  But  the 
notion  of  the  future  working  of  the  pillars  then  began  to  be  enter- 
tained, and  the  increased  size  of  the  winnings  was  considered  a  more 
favorable  apportionment  of  the  excavation  and  pillar  for  the  attain- 
ment of  this  object."  This  is  the  first  record  found  of  a  second 
working  in  the  deep  Tyne  Collierie8.t  Pillars  seem  to  have  been 
worked  in  the  northern  part  of  England  about  the  middle  of  the 
eighteenth  century. 

44.  Ventilation. — ^The  distance  to  which  workings  could  be  driven 
and  the  extent  to  which  pillars  could  be  drawn,  especially  in  gassy 
mines,  were  found  to  depend  largely  upon  ventilation.  In  the  latter 
half  of  the  eighteenth  century  improvements  in  ventilation,  which 
had  been  used  earlier  in  the  Cumberland  field,  were  introduced  into 

•  ••  Trmiii.  V§L  Hift.  Soe.  of  Northumberlwxd."  Vd.  2.  p.  828. 

t  OAUowftj*  &.  L..  "Amiali  of  OoaI  Mining  utd  tho  CoaI  Ttad«."  pp.  816-818.  1808. 
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the  north  of  England,  where  the  frequency  of  explosions  made  better 
ventilation  necessary.  Until  this  time  it  had  been  considered  suffi- 
cient to  conduct  the  air  current  along  the  working  face,  an  arrange- 
ment known  as  **  face-airing;"  consequently,  the  worked-out  places, 
which  were  behind  the  miners  in  advancing  work,  were  left  without 
ventilation.  As  long  as  the  extent  of  workings  was  very  limited, 
this  method  was  not  attended  with  great  danger;  but,  as  the  mines 
became  deeper  and  more  gassy,  workings  were  made  larger  and  the 
danger  from  this  inadequate  ventilation  increased,  because  the  worked- 
out  places  became  magazines  for  the  accumulation  of  fire  damp. 

The  improved  method  of  ventilation,  which  was  known  as  "cours- 
ing the  air,"  consisted  in  so  directing  the  air  that  the  whole  current 
passed  through  all  the  openings  in  the  mine.  While  this  method  was 
effective  in  preventing  the  accumulation  of  standing  gas,  it  intro- 
duced a  great  danger  in  that  the  air  took  up  constantly  increasing 
quantities  of  gas  in  its  passage  through  the  mine,  and,  since  it  was 
constantly  exposed  to  the  lights  of  miners,  it  became  dangerous  in 
the  latter  part  of  its  course.  It  was,  moreover,  constantly  contami- 
nated by  the  breathing  of  men  and  animals  and  by  the  smoke  from 
the  candles.  This  method  was  introduced  in  the  north  of  England 
about  1765  or  1766,  and  it  was  about  this  date  that  the  steel  mill 
also  was  introduced  for  the  purpose  of  giving  light.^  Though  this 
method  was  fairly  satisfactory  in  small  mines,  it  was  very  unsatis- 
factory in  large  ones.  At  Walker  Colliery,  although  the  pits  were 
only  half  a  mile  apart,  the  air  current  traversed  a  line  exceeding 
thirty  miles  in  length.  At  Hebbum  Colliery  the  air  course  was  also 
said  to  be  not  less  than  the  same  length.  Not  only  was  it  difficult  to 
keep  the  air  passages  open  and  the  doors  and  stoppings  tight,  but 
the  friction  of  the  air  limited  the  velocity  of  the  ventilating  current, 
which  would  have  been  low  at  best  since  the  force  causing  this  cur- 
rent was  supplied  only  by  a  furnace.  At  this  colliery  the  circulation 
of  five  or  six  thousand  cubic  feet  of  air  per  minute  was  considered 
sufficient,  and  the  velocity  was  about  three  feet  per  second. 

45.  The  Panel  System. — There  was  great  difficulty  in  carrying 
on  work  in  the  deep  collieries  of  the  North,  because  squeezes  occurred. 
A  method  of  working  described  as  common  in  the  North  at  this 
period  consisted  in  having  bords  12  feet  wide  and  24  feet  apart 

*aanowoy,  R.  L.,  "Annate  of  Co»l  Mining  and  the  Coal  Trade,"  p.  279,  1898. 


Digitized  by 


Google 


PERCENTAGE  OP   EXTRACTION   OP  BITUMINOUS   COAL  149 

connected  by  headways  60  feet  apart,  thus  leaving  pillars  of  coal 
24  by  60  feet.    Another  size  of  pillar  given  is  30  by  72  feet.* 

Early  in  the  nineteenth  century,  John  Buddie,  Jr.,  Who  had  suc- 
ceeded his  father  as  manager  at  Wallsend  and  who  was  responsible 
for  important  improvements  in  coal  mining  methods,  devised  and 
put  into  practice  improved  methods  of  working  and  ventilation 
whereby  squeezes  were  effectually  kept  in  check,  and  the  existing 
system  of  ventilation  was  greatly  improved.  He  effected  these  im- 
provements by  dividing  the  workings  into  independent  districts  or 
panels,  as  Barnes  had  done.  Buddie's  idea,  however,  was  to  provide 
for  confining  the  movement  by  separating  the  districts  or  panels 
with  barriers  of  solid  coal  left  in  the  first  working.  This  method 
was  adopted  in  developing  the  Wallsend  G  pit  in  1810.  Buddie's 
improvement  in  ventilation  involved  dividing  or  splitting  the  cur- 
rent. This  method  of  ventilation  proved  successful  and  was  quickly 
adopted  at  other  mines  to  which  it  could  be  applied,  but  the  air 
currents  employed  were  still  very  feeble. 

From  the  preceding  descriptions  it  will  be  seen  that  all  the  essen- 
tials of  the  room-and-pillar  system  as  now  practiced  in  this  country 
had  been  developed  in  Great  Britain  prior  to  1810. 

46.  Square  Work  of  South  Staffordshire, — In  the  Thick  seam  of 
South  Staffordshire  where  the  coal  varies  in  thickness  from  18  to 
36  feet,  a  method  which  bears  a  close  resemblance  to  the  panel  method 
was  developed.  The  district  had  been  greatly  troubled  with  fires 
due  to  spontaneous  combustion,  and  in  order  to  extinguish  these 
fires  easily  or  to  confine  them  within  the  immediate  vicinity  of  their 
origin  this  method,  known  as  ** square  work,"  was  developed.  It 
consists  in  dividing  the  area  to  be  worked  into  a  number  of  large 
chambers  termed  ''sides-of-work,"  surrounded  on  all  sides  by  panels 
of  solid  coal  known  as  *'fire  ribs."  The  only  openings  in  these 
panels  are  those  necessary  for  the  extraction  of  coal  and  for  venti- 
lation. The  panels  are  nearly  square,  and  from  four  to  sixteen  pil- 
lars, the  number  varying  according  to  the  size  of  the  chamber,  are 
teft  to  support  the  roof.  Pig.  46  shows  an  old  form  of  square  work. 
Under  the  system  in  its  simple  form  and  in  the  first  working,  only 
from  40  to  50  per  cent  of  the  available  coal  is  recovered,  but 
the  larger  portion  of  that  left  is  recovered  by  second  or  even  third 

*  Ibid.  p.  805. 
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workings  carried  out  after  the  lapse  of  some  years.  The  final  loss 
in  working  may,  therefore,  not  exceed  10  per  cent  of  the  available 
coal ;  the  coal  recovered  in  these  later  workings,  however,  is  frequently 
badly  crushed.^ 

47.  The  Long-wall  System. — The  other  general  method  of  coal 
mining,  the  long-wall  method,  has  been  from  early  times  prevalent 
in  Shropshire,  from  which  district  it  has  spread  into  others.  The 
date  of  the  origin  of  this  method  is  doubtful,  but  it  is  said  to  have 
been  in  general  use  in  the  Shropshire  district  about  the  middle 
of  the  nineteenth  century,  t 


Fio.  46.    Old  Square  Work 

The  long-wall  method  of  mining  has  been  highly  developed  in 
England  and  Scotland  and  has  been  applied  at  greater  depths 
and  to  thicker  beds  of  coal  than  it  has  been  in  this  country.  Con- 
sidered from  the  point  of  view  of  completeness  of  extraction,  the 
system  fulfills  the  highest  requirements:  It  not  only  permits,  but 
requires  the  excavation  of  the  whole  bed  of  coal.  Whether  all 
the  coal  shall  be  taken  out  of  the  mine  depends  of  course  on  whether 
it  is  marketable. 

This  method  of  working  has  not  been  as  generally  applied  in 
the  United  States  as  have  the  various  forms  of  the  room-and-pillar 
system.  There  are,  however,  certain  districts  in  which  it  is  used 
almost  exclusively.  Among  the  most  prominent  of  these  is  the 
long-wall  district  of  Illinois  which  has  been  described  as  District  I 
in  Chapter  II.  The  other  districts  in  which  the  long-wall  method 
is  used   are   those   of  northwest   Missouri,   northeast   Kansas,   the 

*  Redmsyne.  R.  A.  S..  "  Modern  Practice  in  Mining,"  Vol.  8,  p.  116. 
t'*Tr»na.  North  of  Snf.  Inat.  Min.  Engn./'  Vol.  2.  p.  261. 
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Osage  district  of  Kansas,  the  Appanoose  district  of  Iowa,  the  north- 
central  district  of  Texas,  and  the  Canyon  district  of  Colorado. 
Scattering  applications  of  the  method  are  found  elsewhere,  but 
the  physical  conditions  in  the  regions  mentioned  have  been  best 
suited  to  its  use.  It  seems  probable  that  the  long-wall  system,  with 
modifications  perhaps,  will  be  more  widely  used  in  this  country  in 
the  future. 

48.  Percentage  of  Recovery  in  England. — The  methods  followed 
in  England  have  not  been  developed  with  the  purpose  of  obtaining 
a  high  percentage  of  recovery.  It  was  not  until  1854^  that  a  special 
department  for  collecting  and  publishing  mineral  statistics  was  cre- 
ated, and  not  until  1861  that  any  systematic  estimate  of  coal  re- 
sources was  made.  About  this  time  predictions  forecasting  the 
exhaustion  of  the  coal  supply  within  a  century  caused  a  great  dis- 
turbance, and  a  roj^al  commission  was  appointed  in  1866.  A  report 
of  this  commission  was  made  public  in  1871. 

The  part  of  this  report  which  deals  with  waste  in  working  is  of 
special  interest.  The  commission  estimated  the  ''ordinary  and  un- 
avoidable loss"  to  be  about  10  per  cent,  though  they  said,  ''In  a 
large  number  of  instances,  when  the  system  of  working  practiced 
is  not  suited  to  the  peculiarities  of  the  seams,  the  ordinary  waste 
and  loss  amount  to  sometimes  as  much  as  40  per  cent."  The  princi- 
pal part  of  this  unavoidable  waste  arises  from  the  crushing  of  pillars. 

In  addition  to  this  unavoidable  loss,  there  is  waste  or  loss,  variable 
in  amount,  but  sometimes  very  great,  arising  from  the  following 
causes:! 

(1)  The  leaving  below  ground  or  consuming  in  large  heaps  of 
small  coal  on  the  surface  (presumably  the  loss  from  this  source  is 
much  less  at  present  because  of  the  greater  consumption  of  small 
sized  coal,  as  in  this  country). 

(2)  Undercutting,  often  wastefuUy  made,  in  good  coal. 

(3)  The  leaving,  either  wholly  or  in  part,  of  an  adjoining  or 
neighboring  bed  when  it  becomes  crushed  and  unworkable,  because 
it  is  not  wanted  at  the  time,  or  because  if  it  should  be  worked,  the 
cost  per  ton  of  the  coal  extracted  is  increased. 


*  Digest  of  the  Evidence  given  before  the  Rojial  CommiMion  on  Coal  SuppUee,  Vol.  I., 
p.  IX..  1905. 

t  Ibid.  p.  XXXIII. 
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(4)  Existence  of  coal  on  properties  which  are  too  small  to  be 
worked  alone  or  in  small  parts  of  colleries  cut  oflF  by  a  large  fault, 

(5)  Disputes  over  the  cost  of  drainage. 

(6)  The  breaking  in  of  water  from  the  sea  or  from  a  river 
estuary. 

(7)  The  leaving  of  barriers  around  small  properties  or  crooked 
boundaries. 

(8)  Lack  of  plans  or  records  showing  the  extent  of  old  work- 
ings, operations  of  seams  not  suflSciently  proved  to  justify  expendi- 
ture for  sinking  pits;  sufficient  information  might  have  been 
obtained  if  records  of  previous  explorations  had  been  preserved  in 
available  form. 

(9)  The  piercing  of  water-bearing  strata  by  shafts  and  bore 
holes  which  are  not  protected  by  water-tight  casings,  or  are  not  care- 
fully filled  and  puddled  when  temporarily  left  or  abandoned. 

(10)  The  cutting  through  of  main  faults  serving  as  natural 
barriers  to  keep  back  water  and  the  consequent  flooding  of  the  coal. 

(11)  The  leaving  of  large  areas  of  coal  in  populous  and  manu- 
facturing districts  to  support  the  surface  and  the  buildings. 

While  some  of  the  causes  mentioned  do  not  apply  directly  to  con- 
ditions in  this  country,  the  list  furnishes  a  complete. synopsis  of 
reasons  for  coal  losses. 

Since  the  issuance  of  the  report  of  1871,  there  have  been  great 
improvements  in  the  methods  of  getting  coal.  At  the  present  time 
the  long- wall  system  is  in  general  use,  and  the  waste  has  been 
lowered;  yet  in  some  parts  of  the  United  Kingdom,  notably  North- 
umberland, the  pillar-and-stall  system  is  still  in  general  use. 

Among  the  factors  contributing  to  a  higher  rate  of  recovery  is 
the  greatly  increased  value  of  small  sizes  of  coal.  It  was  computed  in 
1871  that  the  average  value  of  the  small  coal  mined  in  Great  Brit- 
ain was  only  60  cents  per  ton,  while  in  1905  the  small  sizes  of  steam 
coal  from  the  South  Wales  district  brought  about  $1.90  per  ton;  in 
all  the  other  coal  fields  the  value  has  been  doubled  and  even  trebled. 
The  principal  cause  of  this  change  lies  in  the  improved  preparation 
of  coal.  The  manufacture  of  producer  gas  on  a  large  scale  and 
the  growth  of  the  briquet  industry  have  also  increased  the  possible 
uses  of  the  small  sizes.  One  of  the  effects  of  the  increase  in  the 
value  of  small  coal  has  been  some  decrease  of  the  comparative  advan- 
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tage  of  the  long-wall  system,  since  the  production  of  a  large  amount  of 
fine  coal  with  the  pillar-and-stall  system  is  less  objectionable  than 
formerly.* 

Interest  in  the  subject  continued,  and  another  investigation,  more 
exhaustive  than  the  earlier  one,  was  made  by  the  Royal  Com- 
mission on  Coal  Supplies  which  organized  in  1902  and  presented 
its  report  in  1905.  The  Royal  Commission  of  1905  adhered  to  the 
limit  of  depth,  namely  4,000  feet,  established  by  the  earlier  com- 
mission. It  was  thought  that,  although  there  might  be  no  insuperable 
physical  or  mechanical  difficulties  in  the  working  of  beds  at  greater 
depths,  the  expense  would  be  so  great  that  imported  coal  could  be 
obtained  more  cheaply. 

With  regard  to  thickness,  the  commission  which  reported  in  1871 
had  included  seams  exceeding  one  foot  in  thickness  as  workable.  The 
question  is  largely  a  commercial  one,  and  thinner  seams  are  being 
worked  now  than  formerly.  Mr.  Qerrard,  inspector  of  mines  for 
the  Manchester  district,  obtained  from  all  the  inspection  districts 
returns  which  showed  that  in  1900  17.7  per  cent  of  the  entire  output 
was  taken  from  seams  not  exceeding  three  feet  in  thickness,  t  In 
the  United  States,  limits  of  3,000  feet  in  depth  and  of  14  inches  in 
thickness  have  been  decided  upon  by  the  Department  of  the  Interior 
as  factors  determining  what  portions  of  the  remaining  public  lands 
shall  be  considered  coal  lands,  t 

The  Royal  Commission  took  evidence  also  on  the  cost  of  working, 
and  gave  figures  which  show  how  greatly  the  labor  cost  rises  and  the 
individual  output  declines  as  thinner  beds  are  mined.  Afr.  Qerrard 
gave  the  underground  wages  as  ranging  from  $1.68  to  $2.28  per  ton 
in  seams  up  to  12  inches,  and  from  63  cents  to  $1.36  in  all  under- 
ground seams  in  his  district  from  1  foot,  1  inch  to  3  feet,  while 
the  daily  output  ranged  from  one-half  ton  to  3^4  tons.  It  was 
estimated  that  the  cost  of  digging,  loading,  and  hauling  in  Scotland 
was  $1.24  for  a  seam  14  to  15  inches  thick,  and  65  cents  for  one  from 
2  to  2%  feet  thick,  while  the  daily  output  varied  from  22  hundred- 
weight to  IV^  tons.  In  Somersetshire  the  average  cost  of  working 
thin  seams  has  been  about  $1.92  per  ton  for  a  number  of  years,  while 

*Di|;e«i  of  the  Eridence  giren  before  the  Royftl  Oommisdon  on  OoaI  Snppliee,  Vol.  I., 
p.  XXV.,   1»06. 

t  ^Ke«t  of  the  Evidence  given  before  the  Royal  CommiMion  on  Coal  Sappliee,  Vol.  I.. 

_  %  Fither,  Cassias  A.,  "Standards  Adopted  for  Coal  Lands  of  the  Pnbllc  Domain/'  U.  8. 
Geol.  Snr.,  Bui.  424,  Ashley  and  Fisher,  p.  63.  1910. 
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in  Yorkshire  the  cost  in  1900  varied  from  about  96  cents  to  $1.68.* 
The  Commission  of  1905  finally  decided  to  retain  the  figure  of  one  foot 
as  the  limit  of  thickness. 

In  connection  with  the  subjects  of  depth  and  thickness,  it  should 
be  noted  that  it  is  not  the  practice  in  Europe  to  work  single  thin 
beds  at  great  depths.  The  thin  beds  are  worked  in  conjunction  with 
thicker  ones,  and  it  is  the  lower  cost  of  production  in  the  latter  which 
makes  the  working  of  the  thin  ones  commercially  possible.  The  high 
cost  of  working  thin  beds  is  partly  responsible  for  the  high  cost  of 
European  coal.  The  American  practice  is  distinctly  diflferent,  for 
there  are  few,  if  any,  districts  in  this  country  in  which  any  bed  of 
bituminous  coal  is  Worked  unless  it  is  believed  that  such  working 
shows  a  profit  without  reference  to  other  workings.  Instances  of 
the  working  of  more  than  one  bed  of  bituminous  coal  from  the  same 
shaft  are  rare  in  the  United  States. 

49.  Percentage  of  Coal  Lost. — ^A  detailed  inquiry  was  made  by 
the  Royal  Commission  into  the  various  sources  of  loss.  The  points  of 
greatest  interest  in  connection  with  the  present  study  were  covered 
as  follows:! 

''Coal  left  for  Support. — ^It  is  evident,  that,  except  in  very  special 
cases,  it  is  not  possible  to  remove  all  the  coal.  A  certain  amount  must 
be  left  in  order  to  maintain  shafts,  etc.,  and  to  support  the  surface 
— as,  for  instance,  under  houses,  railway,  canals  and  rivers — and  there 
seems  little  hope  under  existing  circumstances  of  avoiding  this  source 
of  loss.  The  amount  of  coal  left  for  support  depends  largely  upon 
whether  its  value  is  greater  than  the  damage,  which  would  be  caused 
by  its  removal.     .     .     . 

''Barriers. — We  have  evidence  that  much  coal  has  been  and  is 
lost  through  the  practice  of  leaving  unnecessary  barriers  between  roy- 
alties and  properties;  but  the  present  tendency  to  take  large  areas 
under  lease  is  reducing  the  loss  from  this  cause,  and  in  many  cases 
barriers  between  properties  are  now  worked,  out  by  mutual  arrange- 
ments. 

"Thick  Seams. — ^Where  the  seams  are  of  abnormal  thickness  much 
coal  is,  in  some  cases,  wasted,  and  for  various  reasons.    Sometimes  it 


*  Digest  of  Evidence  given  before  the  Royal  Commission  on  Coal  SnppUet,  Vol.  I.,  p.  178 
•t  leq..  1905. 

t  Digest  of  the  Evidence  given  before  the  Royal  Commission  on  Coal  Supplies.  Vol.  I., 
p.  XXXVI..  1906. 
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is  considered  that  the  whole  seam  cannot  be  taken  out  with  safety, 
and  part  is  therefore  left  to  form  a  roof.  Further,  such  thick  seams  are 
more  difScult  to  work,  and  when  the  whole  of  the  seam  is  not  of  the 
same  quality,  there  is  a  temptation  to  take  out  the  best  coal  first  and 
to  leave  the  rest  for  possible  future  working.  Suggestions  have  been 
made  by  some  of  the  witnesses  as  to  the  best  method  of  working  such 
thick  seams,  and  there  is  little  doubt  that  improved  methods  com- 
bined with  the  increasing  use  of  inferior  coal  will  to  a  large  extent 
obviate  the  difficulties  mentioned. 

^'Inferior  and  Small  Coal  Left  in  Mines. — ^According  to  the  evi- 
dence inferior  coal  is  frequently  left  in  the  mine  owing  to  its  being 
unsalable,  and  in  some  districts  considerable  quantities  of  small  coal 
are  also  left.  In  recent  years  there  have  been  vast  improvements  in 
the  methods  of,  and  the  appliances  for,  preparing  and  utilizing  small 
and  inferior  coal,  and  the  higher  appreciation  of  such  coal  should 
go  far  to  put  an  end  to  this  waste." 

Table  10  presents  the  conclusions  of  the  commissioners  of  different 
districts  regarding  the  deductions  which  should  be  made  to  cover 
losses  in  calculating  the  amount  of  coal  remaining  available.*  It  is 
to  be  understood  that  the  values  given  do  not  refer  merely  to  the  losses 
within  a  definite  mined-out  area  but  to  the  total  losses  which  are  to  be 
expected  in  extracting  the  total  coal  remaining  available.  Since  both 
amounts  of  losses  and  reasons  for  them  are  governed  largely  by  local 
conditions,  it  is  unnecessary  to  go  into  details,  especially  since  it  was 
found  impossible  there,  as  it  has  been  here,  to  arrive  at  definite  state- 
ment for  the  losses  in  all  cases.  Values,  however,  are  founded  upon 
the  opinions  of  men  familiar  with  the  practice  in  the  districts,  and 
they  are  at  least  approximately  correct. 

Table  10 

Pbbckntaoes  of  Coal  Losses  as  Estimated  by  the 

Royal  Commission  of  1905 


Distriet 

Per  Cent 
loet 

District 

Per  Cent 
lost 

District 

Percent 
lost 

Sooth  WaIm  and 

30.68 
15.60 
17.00 
13.00 
27.60 

Warwickriiire 

Ifftnciuihire  • 

2.20 
26.00 
20.70 
18.70 
27.60 
33.30 

Northumberland 

Durham 

23.61 
20. 3S 

Viwmmk  nf  Daaii 

Cumberland 

28.20 

Siwih  fttftfffmlchim    .  . 

Ch«fthir« 

Scotland 

26.20 

PlinkahirA 

Denbighshire 

Average  ............ 

21.28 

'  IWd.  p.  XXV. 


Digitized  by 


Google 


156  ILLINOIS  ENGINEERING   EXPERIMENT  STATION 

In  the  introduction  to  the  report  of  the  Commission,  prepared  by 
the  editor  of  the  '*  Colliery  Guardian,"  it  is  stated  (p.  xxvi),  "Much 
of  the  evidence  goes  to  show  that  the  more  general  adoption  of  the 
long-wall  system  in  recent  years  has  resulted  in  an  increased  yield  of 
coal.  But  there  are  many  localities  where  the  conditions  are  not  con- 
sidered favorable  to  long-wall  working,  and  where  pillars  are  still  left. 
In  the  worst  cases,  in  exceptionally  bad  ground,  as  much  as  50  per 
cent  of  the  coal  is  often  left  behind  for  this  purpose,  only  to  be  crushed 
and  oxidized  and  rendered  unfit  for  future  recovery.  In  the  under- 
sea workings  in  Cumberland  as  much  as  75  per  cent  is  thus  left  behind. 
Perhaps  the  most  interesting  point  brought  out  in  the  evidence  is 
that  which  concerns  thick  seams.  It  certainly  does  seem  unfortunate 
that  where  there  are  9  feet  of  good  coal  in  a  single  seam,  nearly  one- 
third  of  this  should  be  left  behind.  Yet  this  happens  in  many  of  our 
thickest  seams,  and  the  loss  threatens  to  be  still  more  serious  as  the 
depth  increases." 

50.  Mining  Conditions  on  the  Continent. — In  the  Franco-Belgian 
basin  the  beds  are  for  the  most  part  thin,  and  they  are  worked,  to 
a  considerable  extent,  at  greater  depths  than  those  reached  in  the 
United  States.  In  Westphalia  the  beds  are  mostly  steeply  dipping, 
and  in  Upper  Silesia  there  are  combinations  of  steep  dip  with  great 
thickness  of  coal.  The  development  of  mining  methods  in  the  United 
States  up  to  the  present  time  has  not  been  affected  by  practice  in 
these  districts. 

51.  Percentage  of  Extraction  on  the  Continent. — In  France  it 
is  the  custom  to  extract  as  much  coal  as  possible  from  the  bed  and  to 
fill  the  resulting  space  with  rock  or  other  material.  The  filling  mate- 
rial is  usually  transported  to  its  destination  in  cars,  and  the  method 
of  packing  depends  largely  on  the  inclination  of  the  bed.  In  steeply 
dipping  beds  the  material  is  allowed  to  run  into  place  by  gravity,  but 
where  the  slope  is  not  sufficient  to  permit  this  method  of  packing,  it 
is  packed  by  hand.  This  custom  does  not  entirely  prevent  subsidence, 
but  it  permits  the  extraction  of  nearly  all  the  coal  without  serious 
disturbance  of  the  surface.  While  the  method  of  packing  followed 
in  these  districts  permits  the  removal  of  nearly  all  the  coal,  the  re- 
moval is  accomplished  at  an  expense  which  would  be  regarded  as  pro- 
hibitive in  the  United  States  in  view  of  the  narrow  margin  between 
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cost  of  production  and  selling  price  here.  The  method  of  filling  by 
flushing  is  coining  into  use  in  France,  but  has  not  yet  displaced  dry 
filling  in  most  of  the  mines.  Whatever  system  of  filling  is  used, 
and  whether  the  coal  is  taken  out  by  pillar  or  long-wall  method,  the 
extraction  is  nearly  complete. 

Some  of  the  most  di£Rcult  problems  found  in  any  coal  mining  dis- 
trict have  been  encountered  in  Belgium.  There  is  no  other  country 
in  which  such  thin  seams  are  worked  and  in  which  coal  is  generally 
mined  at  such  great  depths.  At  Quaregnon  a  series  of  thirty-three 
seams  is  worked,  the  average  useful  thickness  being  1  foot,  31^  inches, 
while  the  greatest  thickness  is  2  feet,  2  inches.  These  beds  vary  in 
dip  from  8  to  90  degrees.  The  fiatter  portions  of  the  bed  are  worked 
by  long-wall,  and  the  steeper  parts  by  inverted  steps  forming  an 
interrupted  long-wall  face.  Other  bed^  of  nearly  the  same  thickness 
are  being  worked,  and  it  appears  in  all  cases  that  those  thin  beds 
are  attacked  by  some  form  of  long-wall  working  in  which,  of  course, 
the  extraction  is  practically  complete.*  The  discussion  of  these 
districts  is  much  briefer  than  their  importance  as  coal  mining  dis- 
tricts would  warrant  were  it  not  for  the  fact  that  the  methods  used 
would  not  in  general  be  adaptable  to  physical  and  commercial  condi- 
tions in  this  country.  They  furnish  interesting  illustrations  of  high 
percentages  of  extraction  under  difficult  conditions,  but  can  hardly  be 
regarded  as  indicative  of  what  it  would  be  possible  to  do  in  the 
United  States. 

In  the  Westphalian  district  in  Germany  large  amounts  of  coal 
have  been  lost,  not  so  much  as  the  result  of  poor  mining  methods  or 
lack  of  attention  to  completeness  of  extraction  as  because  of  the  neces- 
sity of  preventing  subsidence  of  the  surface.  This  region  is  one  of 
great  industrial  activity,  and  surface  values  have  so  increased  within 
the  last  half  century  that  high  extraction  without  filling  has  become 
impossible.  At  first,  hand  filling  was  employed,  the  material  used 
being  the  waste  produced  in  the  large  amount  of  rock  excavation  neces- 
sary in  beds  lying  at  various  angles  combined  with  slack  from  collieries 
where  coke  was  not  made.  More  recently  the  method  of  hydraulic 
filling  has  been  introduced.  Where  the  packing  is  well  done  and  the 
mining  conditions  are  favorable,  the  loss  of  coal  is  possibly  not  more 
than  five  per  cent,  which  may  be  considered  a  fair  estimate  of  the 


*  DinMi  of  the  Eyidence  gWen  before  the  RojtaI  CommiMion  on  Co»l  Suppliee.  Vol.  I. 
pp.  41.  76,  8»8,  1»06. 
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loss  even  where  the  long-wall  method  is  followed.  There  is,  however, 
a  greater  loss  in  some  of  the  thicker  steeply  dipping  beds,  though  it 
has  not  been  possible  to  obtain  estimates  of  the  amount. 

The  Upper  Silesian  coal  field,*  situated  in  the  southeast  comer  of 
Prussia  and  extending  into  Austria  and  into  Russian  Poland,  has  an 
area  of  2,160  square  miles.  The  character  of  the  seam  varies  consid- 
erably both  in  composition  and  in  thickness,  and  thick  seams  occur 
only  in  the  northern  portion  of  the  field  where  they  are  very  numerous 
and  many  of  which  are  of  great  thickness. 

In  this  coal  field,  the  problem  of  removing  coal  beds  of  great  aggre- 
gate and  individual  thicknesses  without  serious  disturbance  of  the 
surface  has  been  met  by  the  development  of  sand  flushing  processes 
of  filling.  This  method  of  filling  was  borrowed  from  the  anthracite 
district  of  the  United  States  where  it  had  first  been  used.  . 

The  mines  are  worked  with  and  without  sand  filling.  In  the  method 
without  sand  filling  much  coal  is  left  unworked  in  the  form  of  pillars 
and  as  support  under  towns  or  villages.  There  is  a  considerable  loss 
resulting  from  the  difficulty  of  extracting  coal  left  as  barriers  between 
the  working  places  and  in  the  old  workings.  There  is  also  a  consider- 
able loss  because  of  fire.  The  estimated  total  loss  under  this  method  is 
25  per  cent. 

At  present  sand  filling  is  being  used  more  or  less  extensively  in 
most  of  the  mines  in  the  thick  beds.  It  is  especially  advantageous 
where  spontaneous  combustion  is  prevalent  and  where  surface  support 
is  necessary.  With  sand  filling  when  only  a  part  of  the  coal  is  re- 
placed by  sand  it  is  estimated  that  the  loss  of  coal  is  10  to  15  per  cent ; 
with  complete  replacement  of  coal  by  sand  filling,  the  loss  is  only  from 
3  to  5  per  cent.  Smaller  and  cheaper  timber  is  used  in  this  case,  and 
the  greater  portion  of  this  timber  is  recovered  for  future  use.  In  four 
mines  in  Upper  Silesia  in  which  sand  filling  is  used  extensively  and 
in  sufficient  quantities  to  suit  the  conditions  of  the  mines,  the  cost  in 
the  seams  is  between  12  and  18  cents  per  ton.  The  cost  is  variable, 
however,  and  is  calculated  in  different  ways.  The  average  working 
cost  per  ton  of  coal  at  the  surface  in  this  district  is  $1.51,  of  which 
37  cents  is  for  underground  labor. 

A  report  by  J.  B.  Hadesty  t  shows  that  the  sand  filling  system  has 
not  yet  been  adopted  on  a  large  scale  in  the  western  part  of  Europe, 

^OnllftohMn,  Berent  Oonrad,  *'  The  Working  of  the  Thick  Oo*l  Seami  in  Upper  SOeeia.** 
Tr^DM.  Intt.  Hin.  Engrs.,  Vol.  42»  p.  209,  1911. 

t**Peim«ylTAniA  SUte  Anthrfteite  Mine  Oare  CommiMion  Report.'*  JournAl  Pa.  Lecto* 
lUare.  AnModiz.  1918. 
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and  the  statements  on  cost  of  filling  show  that  it  would  be  impossible 
to  adopt  the  process  in  the  United  States  without  materially  increasing 
the  cost  of  production. 

It  is  unnecessary  to  go  into  the  methods  of  mining  and  the  results 
obtained  in  other  coal  producing  districts.  While  there  are  great 
coal  deposits  in  other  parts  of  the  world,  and  while  large  quantities  of 
coal  are  produced,  these  regions  have  not  been  developed  sufficiently 
to  work  out  what  may  be  called  a  settled  practice.  No  other  districts, 
moreover,  are  really  large  producers  of  coal  in  the  same  sense  as  those 
already  considered.  The  problems  to  be  considered  in  connection  with 
districts  only  partially  developed,  or  districts  which  though  well  devel- 
oped supply  only  a  limited  market,  are  different  from  those  in  this 
country,  and  the  results  in  such  districts  are  no  indication  of  what 
can  be  accomplished  here. 
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Belgium,     long-wall     system     used    in.     1&.7 ; 

Quaregnon.   157. 
Bell   County    (Ky.).   120. 
Bellpit.s.   142,   143. 
Bovier    (Mo.).    12H. 
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Coal  Valley    Mining  Company    (111.),   85-36. 
Coal  Waste  Commission  (reported  in  1893), 
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Coal  wastes.     34.    41,    128;    9ee    aiso    Coal. 

abondonment  of,  and  Coal  losses. 
"Colliery   Ouardian,  The,"   166. 
Colorado.    133-134;    bituminous    district   of, 
133;  Canyon  district,  134,  151;  extraction 
in,   134;   lignite  district  of,  133;  long- wall 
method  ased  in,  134;  pick  work  in,  133; 
pillar  drawing  in,  133,  134;  squeexes  in. 
134;  Trinidad  district.  133.  134;  Walsen- 
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used    in,    78;    extraction   in,    77,    83.    89: 
H.    C.  Frick  Coke  Company,   78,   89;   in- 
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system  used  in,  78;  squeezes  in,  76-77. 
Connellsrille  seam,    tee    No.     8,     Pittsburgh 

seam. 
Cooperative  Coal   Mining  Investigations,   11, 

29,  31,  41,  56. 
Coxe.  E.  H.,  86,   121. 
Creeps,    20,     77.    92.     127.     145;     eee    also 

Squeezes. 
Cross  entry  system,  61. 
Culm  filling,  cost  of,  21. 
Cumberland   field    (Eng.),    147.    156. 
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Deerfield  district   (O.),  116. 
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used  in,  32;  Wilmington  field,  31-32. 
District  II.,  32-33;  description  of  No.  2 
seam  in.  32 ;  extraction  in.  32,  33 ;  panel 
system  used  in,  32 ;  pillsr  gouging  in,  32 ; 
pillar  slabbing  in,  83 ;  pubsidence  in,  32 ; 
unmodified  room-and-pillar  system  used  in, 
32. 
District  III..  33-36;  coal  losses  in.  36;  Coal 
Valley     Mining     Company,     35-36;     coal 


wastes   in,   34;   cost  of  coal   i 
cription  of  No.  1  and  No.  2  b 
84 ;     double-entry    room- and- pi) 
used  in,  34;  extraction  in,  34; 
33,  36;  No.  3  mine,  36;  pillar 
34-35;   subsidence  in,   36. 

District  IV.,  36-38;  block  rooi 
system  used  in,  37;  descriptio 
coal  in,  36;  extraction  in,  J 
County,  36;  Knox  County, 
County,  86;  long^wall  system  u 
Macon  County.  36;  McLean  C 
panel  system  used  in,  37;  Peoi 
36;  pillar  drawing  in.  38;  pill 
in.  37.  38 ;  semi-panel  system  u 
squeezes  in.  37;  unmodified 
pillar  system   used   in.   37. 

District  V.,  38-39;  description  of 
in,  38;  extraction  in,  39;  Qallai 
38;  pillar  gouging  in,  39;  rooi 
system  used  in,  39;  Saline  C 
squeezes  in,  39. 
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coal  wastes  in,  41;  descripti 
No.  6  coal  in,  40 ;  Duquoin  ant 
extraction  in,  42-43,  45,  46-^ 
50-51;  Franklin  County,  43-4' 
40 ;  panel  long-wall  system  us* 
52;  panel  system  used  in.  41,  4 
51;  Perry  County,  51;  pillar  d 
41,  44,  45,  47,  48.  49,  50, 
gouging  in,  42,  50;  pillar  slabbi 
48,  50;  room-and-pillar  system 
41 ;  Sesser,  40 ;  squeezes  in,  4 
47,  48,  49.  50;  Williamson  Coue 

District  VII..  53-56;  description 
bed  in.  53;  extraction  in,  54 
panel  system  used  in,  56;  squeei 
55,   56;   subsidence  in,   54-55, 

District  VIII.,  56-58;  description 
6  and  7  in,  56,  57;  Danville,  £ 
tion  in,  58 ;  Georgetown,  56 ;  p 
ing  not  systematic  in,  58 ;  piUi 
in,  58;  room-and-pillar  system 
57 ;  squeezes  in,  58 ;  stripping 
in.    56;    Westville.    56. 

Districts,  Appanoose  (la.),  127; 
Oklahoma,  129;  Birmingham  (i 
124;  Brazil  (Ind.),  125;  Cambi 
116;  ConnellsviUe  (Pa.).  65,  6 
Cumberland  (Eng.),  147,  156; 
(O.),  116;  Elk  Garden  (W. 
Elkhorn  (Ky.),  121;  Fairmont 
98,  99;  Harland  (Ky).  121;  1 
(Okla),  132;  Hazard  (Ky.),  1 
ing  (O.),  116;  Jackson  (O).  1 
town  (Pa.),  89;  Kanawha  (W.  ' 
104;     La    Salle     (111.).    31;     Lc 
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(Kan.).   130;  Mahoning  (O.),  116;  Man- 
chester (Eng.).  153;  MassiUon  (O.).  116; 
McAlester    (Okla.),   132;   New   River    (W. 
Ya.),  104;  Newcastle   (Eng.),  146;  No.  8 
Ohio.   13;   Osage   (Kan.).  130,  151;  Pan- 
handle   (Pa.),    76;    Piedmont    (W.   Va.), 
99;    Pittshurgh    (O.),    116,    117;     (Pa.), 
61-76;    Pocahontas    (W.   Va.),    104-111; 
Shropshire     (Eng.),    160;    similar    condi- 
tions   of    Illinois,    29;    Somerset    County 
(Pa.),    86,    89;    Trinidad     (Colo.),    133, 
134;  Wihnington   (HI.),   16,  81-82. 
Dixon,  Charlton,  62.  64. 
Double-entry  room-and-pillar  system,  34,  122. 
Double  entry  system,  61,  62,  136. 
Drawing  pillars,  see  Pillar  drawing. 
Duquoin  anticline   (III.),  40,  53. 
Easton,  H.  D.,  120.  ^ 

Eavenson,   H.    N.,    104,    107,    108. 
Edwards,  J.  C,  69. 
Elk  Garden  district  (W.  Ya.).  see  Piedmont 

district. 
Elkhorn  district   (Ky.),   121. 
Elkins    (W.  Va.),   101. 
Elliot,  James,  182.* 

England.  beU-piU  used  in,  142,  143 ;  bord- 
and-pillar  method  used  in,  148,  144,  146; 
bord-and-wall  method  used  in,  144;  coal 
losses  in,  146,  151-152,  154-156;  Cum- 
berland field,  147,  156;  early  mining  in. 
142;  extraction  in.  144,  146,  147,  151- 
154;  Hebburn  CoUiery.  148;  long-wall 
system  used  in,  142,  145,  150-151,  152- 
153,  155-156;  Manchester  district,  153; 
miners  of,  60-61;  Newcastle  district,  146; 
no-pillar  system  used  in,  142;  North- 
umberland, 146,  152;  panel  system  used 
in,  148-149;  pillar  system  used  in,  142; 
pillar-and- stall  method  used  in,  152,  163; 
post-and-stall  method  used  in,  144;  re- 
coyery  of  pillars  in,  145.  146,  147;  room- 
and-pillar  system  used  in.  144.  149,  150; 
Royal  Commission  of.  151-156;  Shrop- 
shire. 150;  Somersetshire.  153;  square 
work  in  South  SUflPordshire,  149-150; 
squeezes  in,  147,  148;  stooi>-and-room 
method  used  in,  144;  subsidence  in,  146; 
Thick  seam,  149;  Whitehaven,  145; 
Walker  CoUiery.  147.  148;  Wallsend  Col- 
liery, 146,  147.  149;  WaUsend  G  pit. 
149;  ventilation  of  mines  in,  143,  144. 
145,  147-148,  149;  Yorkshire,  154. 
European  War,  53. 

Extraction,  best  results  of,  9;  conditions 
affecting,  9,  31;  conditions  necessary  to 
obtain  high,  14-15;  estimating,  10,  11- 
12,  31;  importance  of.  17;  increase  in, 
14;  low  percentage  of,  17;  meager  atten- 
tion given  to,   11;  methods  involving  low, 


12;  only  accurate  method  of  estimating, 
12;  percentage  of.  11,  12,  13,  16,  23.  24, 
25-27,  156;  see  also  Alabama,  Arkansas, 
Ck>lorado,  England,  Illinois,  Indiana,  Iowa. 
Kansas,  Kentucky,  Maryland,  Michigan, 
Missouri,  Ohio,  Oklahoma,  Pennsylvania, 
Tennessee,  Texas,  Utah,  and  West  Vir- 
ginia. 
Face  airing,  148. 

Fairmont  district   (W.  Va.),  98,  99. 
Fields,  see  Districts. 
Fire  Creek  bed    (W.  Va.),   104. 
Fire  ribs,  149. 
Fisher.  C.  A..   153. 

Four  Stotes  Coal  Company  (W.  Va.),  70. 
France,   filling  methods  used  in,   157. 
Franco-Belgian  basin,  beds  in,  156. 
Franklin  County  (lU.),  43-47;  block  system 
used  in,  44;  extraction  in,  43-45,  46-47; 
panel  system  used  in,  44,  47;  pillar  draw- 
ing in,  44,  45,  47;  pillar  slabbing  in.  44; 
squeexes  in,  47. 
Franklin  County  Coal  Operators'  Association 

(lU.),  46. 
Freeport  bed   (W.  Ya.),  99. 
Fulton  County  (lU.),  86. 
Gallatin  County   (lU.),  38. 
GaUoway,  R.  L.,  145,  146,  147,  148. 
Gay  Coal  and  Coke  Company  (W.  Va.),  111. 
Gay,  H.  S.,  Ill,   114. 
Gentry,  B.  S.,   133. 
Georges  Creek  region,  see  Maryland. 
Georgetown   (HI.),  56. 
German   Empire,    average   value   of   coal   in. 

14. 
Germany,   mining  profits  in.   14. 
Gerrard.  J..   153. 
Gibb,  H.  M..  69. 
Gilmer  County   (W.  Va.),  101. 
Grady,  W.  H.,  106,  107. 
Great  Britain,  average  value  of  coal  in,  14, 
152;    mining  profits   in,    14;    similar  con- 
ditions in  United  States  as  in,  61;  United 
States,   a   colonial   possession   of,    60;    see 
also  England,  Scotland,  and  Wales. 
GuUachsen,   B.   C,   21,    158. 
Hadesty,  J.  B.,   158. 
Half  advancing  and  half  retreating  system, 

70. 
Haring,  J.  C,  117. 
Harland  district   (Ky.),   121. 
Hartehorne  district   (Okla.),   132. 
Hazard  district   (Ky.),  121. 
Hazel  mine   (Pa.),  69. 

H.  0.  Frick  Coke  Company    (Pa.),   78;  ex- 
traction of,  89. 
Headway,  143,  144. 
Hebburn  Colliery   (Eng.),   148. 
Hesse,  A.  W.,   11,   24. 
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Hease.  H.  V.,  90. 

HUyWania  Mine  No.  23   (O.),  116. 

Hocking  Valley  bed  (O.).  see  Middle  Kit- 
tanning  bed. 

Hocking  Valley  district  (O.),  116. 

Howarth.  W.  H.,  78. 

Hutcheson,  W.  C,  122. 

Illinois,  29-59 ;  block  room-andpiUar  system 
used  in,  37;  Uock  system  used  in,  44; 
Cartenrille,  40;  Central,  18;  coal  costs  in, 
36;  coal  losses  in,  36,  42-43;  Ck>al  Valley 
Mining  Oompany,  35-36;  coal  wastes  in, 
34,  41;  conditions  affecting  extraction  in, 
31;  DanviUe,  56;  district  I.  of,  31-32, 
150;  district  II.  of,  32-33;  district  III. 
of,  33-36,  dUtrict  IV.  of,  36-38;  district 
V.  of,  38-39;  district  VI.  of.  40-63;  dis- 
trict VII.  of,  53-66;  district  VIII.  of. 
56-58;  districts  of,  29-58;  double-entry 
room-and-pillar  system  used  in,  34;  Du- 
quoin  anticline,  40,  53;  extraction  in,  9, 
(1910)  13.  15.  16,  25-27,  32,  33, 
34,  38,  39,  42-43,  45,  46-47,  48-49, 
50-51,  54,  55,  56,  58;  filling  method  in, 
21;  Franklin  County,  43-47;  Pulton 
County,  36;  Gallatin  County,  38;  George- 
town, 56;  Knox  County,  36;  La  Salle 
field,  31;  Logan  County.  36;  long- wall 
method  used  in,  32,  37;  McLean  County, 
36;  Macon  County,  36;  Marion,  40; 
Matherville,  33,  36;  panel  long-wall 
method  used  in,  51,  52;  panel  system 
used  in,  32,  37,  41.  44,  47,  49,  51,  56; 
Peabody  Coal  Company,  47,  54,  58; 
Peoria  County,  36;  Perry  County,  51; 
pUlar  drawing  in,  35,  88,  41,  44,  45,  47, 
48.  49,  50,  51,  58,  59;  piUar  gouging  in, 
32,  37,  38,  39,  42.  50,  58 ;  piUar  slabbing 
in,  83,  44,  48,  50;  room-and-pillar  system 
used  in,  39,  41,  57;  Saline  County,  38; 
semi-panel  method  used  in,  37;  Sener, 
40;  squeezes  in.  10,  20,  37,  39,  40,  41, 
42,  47,  48.  49,  50,  54-55,  56,  58;  State 
Gedogical  Surrey,  40,  46;  strike  (1910) 
in,  13;  stripping  operations,  56;  sub- 
sidence in,  10,18,  20,  32,  36.  54-55,  56; 
unmodified  room-and-pillar  system  used 
in,  32,  37;  value  of  coal  rights  in,  15-16, 
28 ;  Talue  of  farm  lands  in,  18,  28 ;  West- 
Tille,  56;  Williamson  County,  47-51;  Wil- 
mington field.   16,  31-32. 

Indiana,  125-126;  Brazil  district.  125;  ex- 
traction in,  125-126;  strike  (1910)  in, 
13. 

Iowa,  126-127;  Appanoose  field,  127;  coal 
losses  in,  127;  creeps  in,  127;  extraction 
in,  127;  long- wall  system  used  in,  127; 
room-and-pillar  system  used  in,  127. 

Jackson  field  (O.),  116. 


James,  W.  E.,  114. 

Jars,  145. 

Jefferson  County   (Ala.),   123. 

Jefferson  County  (Pa.),   89. 

Johnstown  district   (Pa.),   89. 

Jorgensen,  F.  F.,  127. 

"Journey  through  the  North  of  En^and,  A," 
145. 

Kanawha  region  (W.  Va.),  102-104;  Cabin 
Creek  portion  of,  104;  extraction  in.  103, 
104;  No.  2  Gas  Seam,  103;  pillar  draw- 
ing in,  103;  room-and-pillar  system  used 
in,  103. 

Kansas,  130-132;  Atchison,  130;  coal  losses 
in,  130;  extraction  in,  130,  131;  Leaven- 
worth district.  130;  long- wall  system  used 
.  in,  130;  Osage  district,  180,  151;  panel 
method  unsatisfactory  in,  131;  room-and- 
pillar  system  used  in,  130;  squeezes  pre- 
vented in,  131;  stripping  operations  in. 
130;  Topeka,  130. 

Keely,  Josiah.   104. 

Keighley,  F.  C,  75. 

Kentucky,  118-121;  Bell  County,  120;  Clay 
County,  119;  coal  losses  in,  119;  Elkhorn 
district,  121;  extraction  in,  118.  119, 
120;  Harland  district,  121;  Hazard  dis- 
trict, 121;  No.  9  seam,  118,  119;  No.  11 
seam,  118,  119;  No.  12  seam,  119;  piUar 
drawing  in,  121 ;  pillar  recovery  in,  119. 
120;  room-and-pillar  system  used  in,  118, 
120;  squeezes  in,  120;  Straight  Creek 
seam,    120;   Webster   County,    119. 

KitUnning  bed   (W.  Va.),  99. 

Knox  County   (111.).  36. 

La  BeUe  Iron  Works  (O.).  117. 

La  SaUe  field  (lU.),  81. 

Lamps,  Davy,  146;  locked  safety.  66;  open, 
66;   safety.    145. 

Land,  value  of,  18,  28. 

Lane.  A.  C.   126. 

Lanier,   S.  S.,   120. 

Leavenworth  district  (Kan.).  130. 

Lexington    (Mo.),   128. 

Lincoln,  J.  J..  109.  110. 

Link-Belt  Company,  88. 

Logan   (W.  Va.).   111. 

Logan  County   (HI.),   36. 

Logan  County    (W.  Va.),  113. 

Long-wall  system,  18,  32,  37,  86-88,  117. 
122,  124,  127,  128.  180,  133,  134,  136, 
142,  145,  150-151,  152-153,  156,  15r, 
failure  of.  62,   111,   113,   117,   136. 

Lower  Freeport  bed   (O.),  117;   (Pa.).  89. 

Lower  Kittanning  bed  (Pa.),  83,  86;  (W. 
Va.),   101. 

McAlester  dUtrict  (Okla.),  182. 

Machines,  breast,  57.  74;  chain,  52;  chain 
breast,    71;    cutting,    116;    extracting   pil- 
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lars  with.  51,  66,  68-69.  71;  longwaU. 
114;  mining,  17,  46;  pick  work  replaced 
by,  73,  78;  rolling  stock,  116;  short-wall, 
71,  72,  73.  83,  126;  undercutting,  132. 

Mackenzie,   146. 

McLean  County   (HI.).  36. 

Macon  Ck>unty   (111.).  36. 

Macon  County   (Mo.),    127,    128. 

Mahoning  district  (O.),  116. 

Majer,  John,   86. 

Manchester  district   (Eng.),  153. 

Marianna  mine   (Pa.),  69. 

Marion    (Dl.).  40. 

Marshall,  J.  J.,   103. 

Mary   Lee   Seam    (Ala.),    123. 

Maryland,  61,  90-98;  Big  Vein  seam,  90- 
97;  coal  losses  in,  92;  creeps  in,  92;  ex- 
traction in.  98;  Georges  Creek  region, 
90-98;  methods  used  in,  (1850)  90-92. 
(1870-1880)  92,  93.  (1890)  92,  94, 
(1900)  92.  95,  (1904)  96,  97;  piUar 
drawing  in,  91 ;  room-and-pillar  retreating 
method  used  in.  98 ;  squeexes  in,  92 ; 
wasteful  early  methods  in,  90. 

Maryland  Coal  Company   (Pa.),  88. 

MassUlon  district   (O.).  116,   117. 

MathervUle   (Dl.),  38,  86. 

Michigan,  extraction  in,  126;  machines  used 
in,  126;  recovery  of  pillars  in,  126; 
room-and-pillar  system  used  in,  126 ; 
Saginaw,   126. 

Middle  KitUnning  bed    (O.),    116. 

Middle  West,  extraction  in,  9. 

Miller  bed  (Pa.),  89;  tee  aUo  Lower  Kit- 
tanning  bed. 

Mines,  Annabelle  (W.  Va.),70;  Haiel  (Pa.), 
69;  Hisylvania  No.  23  (O.),  116;  Mari- 
anna (Pa.),  69;  Montarallo  (Ala.),  124, 
125;  No.  3  (District  III.,  lU.),  36;  No.  9 
(W.  Va.).  108;  No.  10  (W.  Va.),  108; 
No.  11  (W.  Va),  108;  Pocahontas  No.  2 
(W.  Vo),   109;   Pocock  No.  4   (O.),   117. 

Mining  methods,  37,  55-56;  choice  of,  9, 
12,  13.  15;  early,  60,  61,  142;  low  cost 
of  production  of,  31 ;  prejudices  against 
newer,  9 ;  plan  of  Pittsburgh-Buffalo  and 
Four  States  Coal  Companies,  69-70;  plan 
of  Pocahontas  Coke  and  Coal  Company, 
105-106;  plan  of  Wind  Rock  Coal  Com- 
pany, 123 :  variation  of,  10 ;  wasteful 
early,  90;  see  also  Big  Pillar,  Big  Room, 
Block,  Block  long-wall.  Block  method  of 
retreating  long-wall,  Block  room-and-pil- 
lar, Bordand-pillar.  Bord-and-wall,  Con- 
centration, Cross  entry.  Double  entry. 
Double  entry  room-and-pillar,  Half  ad- 
vancing and  half  retreating,  Long-wall, 
No-pillar,  Panel,  Panel  long-wall.  Pillar, 
Pillarand-stall.     Post-and-stall,     Room-and- 


pillar,  Semi-panel,  Sin^^e  entry,  Single 
room,  Stoop-and-room,  and  Triple  entry 
systems,   and  Maryland. 

Mining  profits,  see  Glermany,  Oreat  Britain, 
United   States. 

Mining  systems,  eee  Mining  methods. 

Missouri,  127-128;  Bevier,  128;  extraction 
in,  128;  Lexington,  128;  long-wall  system 
used  in,  128;  Macon  County,  127,  128; 
production  (1910)  in,  13;  Randolph 
Count}',  127,  128;  room-and-pillar  method 
used  in,  127.  128;  stHke  (1910)  in,  13; 
stripping  in,  128. 

Montavallo  mine    (Ala.),   124.    125. 

Moore,  H.  G.,   89. 

Moore,  M.  G.,   88. 

Moorshead.   A.  J.,   13. 

Mullen,   Patrick,   78. 

Nesbitt,   C.   H.,    125. 

New  Mexico,    134. 

New  River  field    (W.  Va.),   104. 

Newcastle   district    (Eng.),    146. 

Newcomen  engine,  introduction  of,  143. 

Niggerheads,   36,  38. 

No-pillar  system,   142. 

North  Dakota,  recovery  in,   133. 

Northumberland    (Eng.),   146. 

No.     6  bed  (O.),  see  Bfiddle  Kittanning  bed. 

No.  2  Gas  seam  (Kanawha  dist..  W.  Va). 
103. 

No.     8  Ohio  district,  production  in,   13. 

No.     H  Pitt*burTh   seam    (Pa.),    76. 

No.     9  mine    (W.  Va.),   108. 

No.     9  seum    (Ky).    118,    119. 

No.   10  mine   (W.  Vs.),   108. 

No.  11  mine   (W.  Va.),   108. 

No.  11  seam   (Ky.),  118,   119. 

No.   12  seam    (Ky.),   119. 

Ohio.  116-118;  Cambridge  field,  116;  Deer 
field  district,  116;  extraction  in,  116-117; 
Hisylvania  Mine  No.  23,  116;  Hocking 
Valley  bed.  116;  Hocking  Valley  district, 
116;  Jackson  field,  116;  La  Belle  Iron 
Works,  117;  long- wall  method  used  in, 
117;  Lower  Freeport  bed,  117;  Mahoning 
district.  116;  Massillon  district,  116,  117; 
Middle  Kittanning  bed,  116;  No.  6  bed. 
116;  Pittsburgh  vein  district,  116,  117; 
Pocock  No.  4  mine,  117;  room-and-pillar 
method  used  in,  117;  Steubenville,  117; 
stripping  in,  117. 

Oklahoma,     132-133;     extraction     in,     129, 
132;   Hartshorne  district,   132;   McAlester 
district,  182;  panel  long-wall  method  used 
in,    131-132;    production    (1910)    in,    13 
Rock  Island  Coal  Mining  Company,   132 
room-and-pillar     system     used     in.      132 
strike    (1910)    in.   13. 

Osttge  district  (Kan.),   130,   151. 
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Panel  lon|^w•U  ijst«m.  51.  52.  »€,  131. 
132. 

Panel  system.  32.  37.  41,  44.  47.  49.  51, 
56.  70.  86,  98.  136,  148-149;  faimre  of. 
131. 

Panhandle  district   (Pa.).  75. 

Parr.   8.  W..  51. 

Peabody  Coal  Company  (HI.),  extractioiu 
of.  47,   54.  58. 

PennsyWania.  61-90;  anthracite  distriet  of. 
11;  Cement  seam.  88;  Oearfirid  County. 
89;  extraction  in.  9;  Haxel  mine.  69; 
Jefferson  County.  89;  Joknstown  district, 
89;  Lower  Freeport  bed,  89;  Maryland 
Coal  Company.  88;  panel  system  used  in. 
86;  Pittsborffa-Bnffalo  Ccmp^mj,  69;  St. 
Michael,  88;  Someraet  County,  86,  89; 
South  Fork.  89. 

Central,  83-88;  B  bed.  83.  86;  big 
pillar  system  need  in,  83.  84;  Cambria 
County,  83;  Miller  bed.  83.  86;  Lower 
Kittanningr  bed,  83,  86;  pillar  drawing 
in.  85 ;  squeezes  in.  84 ;  9ee  mUo  Con- 
nellsrille   district   and   Pittsburgh   district. 

Peoria  County   (HI.),  36. 

Perry  County  (IH.),  51;  extraction  in.  51; 
panel  long- wall  system  used  in.  51,  52; 
panel  system  used  in.  51 ;  pillar  drawing 
in,  51. 

Pick  work.  17-18,  43.  46.  50,  66,  68.  75. 
100,  103.  133;  average  price  for,  74;  sub- 
stituting more  machine  work  for.   73,    78. 

Piedmont  district    (W.  Va.),   99. 

Pillarand-staU  system.   152.    158. 

Pillar  drawing.  9.  10,  34-85,  38,  41,  42. 
44,  45.  47,  48.  49.  50,  51,  62,  63.  64. 
65.  67,  68.  69.  77,  85,  98.  100,  103. 
110,  119,  121.  122,  124.  129,  133.  134. 
136-141;  accidents  with,  36;  unsystema- 
tic. 58.  59. 

Pillar  gouging.  32.  37.  38.  39,  42,  50.  58. 
144. 

PiUar  Blabbing,  33,  44,  48.  50. 

Pillar  system,   61,   142. 

Pillars,  extraction  of  stump  and  chain.  65; 
recorery  of,  65,  66.  68.  69,  71,  72,  73, 
119,  120.  126,  145,  146.  147;  tapered. 
68. 

PitUburgh  bed  (Pa.),  61;  (W.  Va),  98. 
101-102. 

Pittabargh- Buffalo  Company   (Pa.),  69. 

Pitteburgh  district  (O.),  116,  117;  (Pa). 
61-75;  block  long-wall  system  used  in, 
86 ;  coal  los»es  in,  €5 ;  cross  entry  system 
used  in,  61 ;  double  entry  system  used  in, 
61.  62;  extraction  in,  66.  67,  88;  half 
advancing  and  half  retreating  system  used 
in,  70;  improved  room-and- pillar  method 
used  in,  63 ;  long-wall  system  tried  in,  62, 


aaed  in,  96-^d;  panel  long  waO  system 
used  in,  46 ;  p*nrt  system  used  in,  70 ; 
Panhandle  district,  75;  pillar  drawing  in. 
62.  63.  64,  65.  67.  68—69 ;  production  in. 
13:  room-and  piOar  sjslem  need  in,  62- 
63 ;  single  eatry  system  used  in.  61 ; 
•qoeeze*  in.  63 ;  substituting  machines  for 
pick  work  in.  73 :  renlilation  in  mines  of. 
61.   63,   64,   66. 

Pocahontas  Coal  and  Coke  Company  (W. 
Va.),  105-107;  extraction  in.  107; 
method    used    by.    105-106. 

Pocahontas  district  (W.  Va).  104-111; 
characteristics  of  coal  in,  104;  coal  leases 
in,  109-111;  coke  of,  104;  extraction  in, 
109.  110:  No.  2  mine,  109;  So.  3  bed. 
104-105.  lOt*.  109;  No.  4  bed.  105;  No.  9 
mine.  108;  No.  10  mine.  108;  No.  11 
mine  109 ;  pillar  drawing  in.  110. 

Pocahontas  No.  2  mine    (W.   Va.).    109. 

Pocahontas  No.  3  bed  (W.  Va.).  104-105, 
108.    109. 

Pocahontas  No.  4  bed    (W.    Va).    105. 

Pocock  No.  4  mine   (O.),  117. 

Post-and-staO    method,    144. 

Pratt  Seam    (Ala.),   123,   125. 

Pritchard.    James,    116. 

(^aregnon    (Belgium),   157. 

Randan.   R.   M.,    126. 

Randolph  County    (Mo.),   127,   128. 

Redmayne.    R.    A.    8.,    143,    144,    145,    150. 

Rice,  G.  8..   7,   14.    15,   18,   32. 

Richmond  basin  (Vs.),  61,  pillar  system 
used  in,   61. 

Roby,  J.  J..  117. 

Rock  Island  Coal  Mining  Company  (Okla.), 
132. 

Room-and-pillar  system.  39,  41.  57.  62-63, 
78.  102,  114,  117,  118,  120,  123.  124, 
126,  127.  128,  130,  132.  133,  136,  144, 
149.  150;  objections  to  the,  63,  86;  re- 
treating, 97;  unmodified,  32,  37. 

Roynl  Commission  on  Coal  Supplies.  151- 
156.  157;  report  (1871).  151.  153; 
(1905),    153,    154. 

Saginaw    (Mich.).   126. 

St.   Michael    (Pa),   SH. 

Saline  County   (III),  3H. 

Sand    filling.    21. 

Savage.  T.  E.,  40. 

Schellenberp.    F.    C,    66. 

Schluederberg.    (}.    \V..    88. 

Scholz.  Carl.   15,  35-36.   132. 

Scotland,     145-146,     150.     153;     miners    of. 

60-61. 
Seams.     Big  Vein      (Md.),     90-97;     Cement 
(Pa.).   88;   Connelisville    (Pa.).   76;   Mary 
Lee  (Ala.),  123;  Miller  (Pa.),  89;  No.  2 
(District     II.,     lU.     ),     32;     No.     2     Gas 
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(W.  Va.),  103;  No.  6  and  No.  7  (Dis- 
trict VIII.,  lU.),  56;  No.  8  Pittsburgh 
(Pa.),  76;  No.  9  (Ky.).  118,  119; 
No.  11  (Ky.),  118,  119;  No.  12  (Ky.), 
119;  Pratt  (Ala.),  123,  125;  Straight 
Creek  (Ky,),  120;  Thick  (S.  Stafford- 
shire),   149. 

Semi-panel   system,    37. 

Sesser   (111.),  40. 

Sewell  bed  (W.  Va.).  104. 

Shaw,  B.  W.,   40. 

Shiflett.  R.  A.,  121. 

Shropshire  district    (Eng.).   150. 

Silliman,  W.  A.,   83. 

Single-entry  system.  61. 

Single-room  system,   53,   111-113. 

Smyth,  J.  G.,   12,   98. 

Somerset  County  district   (Pa.).   86,  89. 

Somersetshire    (Eng.).    153. 

South  Fork    (Pa.),    89. 

South  Staffordshire,  square  work  of,  149- 
150. 

Southwest,  strike   (1910)   in,  13. 

Square  work,  149-150. 

Squeeies.  20-22,  37,  39.  40,  41,  42,  47, 
48,  49,  50,  54-55,  56,  58,  63,  76-77, 
84,  92,  100.  106,  120,  134,  147,  148; 
pillars  crushed  through.  10;  prevention  of. 
10,  21,  22,  59,   130,   131. 

State  (Geological  Survey   (HI.),  40,  46. 

Steel,  A.  A.,  128. 

SteubenviUe   (O.),  117. 

Stoek,  H.  H.,   7,   8,   11,  23,   105. 

Stoop-and-room  method,    144. 

Stow,  A.  H.,   105. 

Straight  Creek  seam    (Ky.),   120. 

Strike  (1910),   13. 

Stripping  operations,  56,   117,   128,   130. 

Strong,  J.   E.,    122,    124. 

Subsidence,  9-10,  18-20,  36,  54-55.  56, 
146,  156;  damages  obtained  for,  20;  in- 
vestigation of,  -56;  need  of  law  regulating 
damages  for,  20,  59;  prevention  of,  10; 
relation  of  surface  values  and,   18. 

Surface  rights,  values  of,   18,  28. 

Surface,   subsidence   of  the,   see   Subsidence. 

Surface  values,  relation  of  subsidence  and, 
18. 

Syndicates  (European),  regulation  of  out- 
put of  mines  and  selling  price  of  coal  by. 
15. 

Taylor,   H.  N..    127,   128,   130,   131. 

Tennessee.  121-122 ;  double-entry  room-and- 
pillar  system  used  in,  122 ;  extraction  in, 
121,  122;  lonrwall  method  used  in,  122; 
pillar  drawing  in,  122;  proposed  plan  of 
Wind  Rock  Coal  Company.   123. 

Terrill,   A.  C,   131. 


Texas,  extraction  in,  133;  long-wall  system 
used  in,  133;  room-and-pillar  system  used 
in,   133. 

Thick  seam   (South  Staffordshire),  149. 

Thirty-first  Annual  Coal  Report  of  Illinois. 
36. 

Thomas,  J.  I.,  86. 

Topeka    (Kan.),    130. 

Toulmin.    Priestly,    124. 

Trade  conditions    (1907).  87. 

Trinidad  district   «3olo.),  133,   134. 

Triple  entry  system,   124,   136. 

Tyne  Collieries,  147. 

United  States,  average  value  of  coal  in  the, 
14;  early  methods  in  the,  60;  land  prices 
no  inducement  to  save  coal  in  the,  9; 
miners  of  the,  60-61;  mining  profits  in 
the,  14;  similar  conditions  in  Qreat 
Britain  as  in  the,  61;  standards  adopted 
for  coal  lands  in  the,   153. 

United  States  Coal  and  Coke  Company,  108. 

Upper  Silesia,  beds  of,  156;  coal  losses  in. 
158;  cost  of  coal  in,  158;  cost  of  filling 
method  used  in.  21,  158;  filling  method 
used  in,  158. 

Utah,  134-141;  bounces  in.  136;  Carbon 
County,  134;  CasUe  Gate  bed.  134; 
double-entry  system  used  in,  136;  extrac- 
tion in,  140-141;  long-wall  system  failed 
in,  136;  panel  system  used  in,  136;  pillar 
drawing  in,  136-141 ;  room-and-pillar 
system  used  in,  136;  triple-entry  system 
used  in,   136. 

Van  Horn,  H.  M..  89. 

VentUation,  45,  51-52,  61,  68.  64,  107,  114, 
115,  143,  144,  145,  147-148;  cost  of,  17. 

"View  of  Northumberland,"   146. 

"Voyages  M6tallurgiques,"   145. 

Wages,  underground,   153. 

Wales,  average  value  of  coal  in.  14.  152: 
miners  of.   60-61;    South,   145. 

Walker  CoUiery    (Eng.),   147,  148. 

Wallsend  CoUiery   (Eng.).  146,  147.  149. 

Wallsend  G  pit  (Eng.).  149. 

Walsenburg   (Colo.),  134. 

Washington,  141. 

Watts,  A.  C,   134,   186. 

Webster  County   (Ky.),   119. 

Weitiel,  B.  H.,   133. 

West  Virginia,  61,  98-116;  Annabelle  mine, 
70;  big  room  method  used  in,  113;  block 
system  of  retreating  long-wall,  114-115; 
Braxton  County,  101;  Cabin  Creek,  104; 
Carbon  Coal  (Company,  86;  central  dis- 
trict. 101;  coal  losses  in,  109-111;  Elk 
Garden  district,  99;  Elkins,  101;  extrac- 
tion in,  9.  98-99.  100,  101,  102,  103. 
104.  105.  107,  108,  109,  110.  114; 
Fairmont  district,  98.  99;  Fire  Creek  bed. 
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104;  Four  States  Coal  Company.  70 
Freeport  bed,  99;  Gay  Coal  and  Coke 
Company,  111;  Geological  Surrey,  98 
Gilmer  County,  101;  Kanawha  region, 
102-104;  Kittanning  bed.  99;  Logan, 
111;  Logan  County,  118;  Lower  Kit 
tanning  bed,  101;  most  advanced  methods 
used  in.  98;  New  River  field,  104;  No.  2 
Gas  Seam,  103;  No.  9  mine,  108;  No.  10 
mine.  108 ;  No.  11  mine,  108 ;  panel  sys- 
tem aied  in,  98;  pick  work  in,  100,  103; 
Piedmont  district,  99;  pillar  drawing  in. 
98,  100,  103,  110,  111;  PitUburgh  bed, 
98,  101-102;  Pocahontas  Coal  and  Coke 
Company,  105-107;  Pocahontas  district, 
104-111;  Pocahontas  No.  3  bed,  104-105. 
108,  109;  Pocahontas  No.  4  bed,  105; 
Pocahontas  No.  2  mine,  109;  production 
(1910)  in,  13;  room-and-pillar  system 
used    in.    102;    Sewell    bed,    104;    single 


room  method  used  in,  53,  111-113; 
squeezes  in,  100,  106. 

West  Virginia   Geological   Survey,   98. 

Westphalia,  average  value  of  coal  in,  14; 
beds  of,  156;  coal  losses  in,  157;  filling 
methods  in,  157;  long-wall  system  used 
in.   158. 

Westville    (111.),    56. 

Whitehaven    (Eng.),   145. 

Williamson  County  (III.),  47-51;  descrip- 
tion of  mines  in,  47,  48,  49 ;  extraction 
in,  48—49,  50-51;  panel  sj'stem  used  in. 
49;  pillar  drawing  in,  48,  49,  50;  pillar 
gouging  in,  50;  pillar  slabbing  in,  48,  50; 
squeezes  in,  48,   49,  50. 

WUmington  field    (lU.),  16.  31-32. 

Wind  Rock  Coal  Company   (Tenn.),   123. 

Yorkshire   (Eng.),  154. 

Young,    L.    E.,    18,    28. 

Zeller,  W.  M.,   125. 
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PUBLICATIONS  OF  THE   ILLINOIS  COAL 
MINING   INVESTIGATIONS 


Bulletin  1.  Preliminary  Report  on  Organisation  and  Method  of  Investiga- 
tions, 1913.     (Out  of  print.) 

Bulletin  2.  Coal  Mining  Practice  in  District  VIII.  (Danville),  by  S.  O.  An- 
dros,  1914. 

Bulletin    3.     A  Chemical  Study  of  Illinois  Coals,  by  Prof.  8.  W.  Parr.     (In 

press.) 

Bulletin  4.  Coal  Mining  Practice  in  District  VII.  (Mines  in  bed  6  in  Bond, 
Clinton,  Christian,  Macoupin,  Madison,  Marion,  Montgomery,  Moultrie, 
Perry,  Randolph,  St.  Clair,  Sangamon,  Shelby,  and  Washington  Counties), 
by  S.  O.  Andros,  1914. 

Bulletin  5.  Coal  Mining  Practice  in  District  I.  (Long- wall),  by  S.  O.  Andros, 
1914.     (Out  of  print.) 

Bulletin  6.  Coal  Mining  in  District  V.  (Mines  in  bed  5  in  Saline  and 
Gallatin  Counties),  by  S.  O.  Andros,  1914. 

Bulletin  7.  Coal  Mining  Practice  in  District  II.  (Mines  in  bed  2  in  Jackson 
County),  by  S.  O.  Andros,  1914. 

Bulletin  8.  Coal  Mining  Practice  in  District  VI.  (Mines  in  bed  6  in  Frank- 
lin, Jackson,  Perry,  and  Williamson  Counties),  by  S.  O.  Andros,  1914. 

Bulletin  9.  Coal  Mining  Practice  in  District  111.  (Mines  in  beds  1  and  2  in 
Brown,  Calhoun,  Cass,  Fulton,  Greene,  Hancock,  Henry,  Jersey,  Knox, 
McDonough,  Mercer,  Morgan,  Rock  Island,  Schuyler,  Scott,  and  Warren 
Counties),  by  8.  O.  Andros,  1915. 

Bulletin  10.     Coal  Resources  of  District  I.  (Long-wall),  by  G.  H.  Cady,  1915. 

Bulletin  11.  Coal  Resources  of  District  VII.  (Counties  listed  in  Bulletin  4), 
by  Fred  H.  Kay,  1915. 

Bulletin  12.  Coal  Mining  Practice  in  District  IV.  (Mines  in  bed  5  in  Cass, 
DeWitt,  Fulton,  Knox,  Logan,  Macon,  Mason,  McLean,  Menard,  Peoria, 
Sangamon,  Schuyler,  Tazewell,  and  Woodford  Counties),  by  S.  O.  Andros, 

1915. 

BiiUetin  13.     Coal  Mining  in  Illinois,  by  S.  O.  Andros,  1915. 

Bulletin  14.  Coal  Resources  of  District  VIII.  (Danville),  by  Fred  H.  Kay 
and  K.  D.  White. 

Bulletin  15.     Coal  Resources  of  District  VL,  by  G.  H.  Cady,  1916. 

Bulletin  16.     Coal  Resources  of  District  II.,  by  G.  H.  Cady,  1917. 

BiiUetin  17.  Surface  Subsidence  in  Illinois  Resulting  from  Coal  Mining,  bv 
L.  E.  Young,  1916. 

BiiUetin  18.  Tests  on  Clav  Materials  Available  in  Illinois  Coal  Mines,  by 
R.  T.  StuU  and  R.  K.  Hursh. 

♦Bulletin  72.     U.  8.  Bureau  of  Mines,  Occurrence  of  Explosive  Gases  in  Coal 
Mines,  by  N.  H.  Darton,  1915. 

♦Bulletin  83.     V.  8.  Bureau  of  Mines,  The  Humidity  of  Mine   Air,  bv   R.  Y. 
Williams,   1914. 
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♦Bulletin    99.     U.  S.  Bureau  of  Mines,  Mine  Ventilation  Stoppings,  by  B.  Y. 
Williams. 

♦Bulletin  102.    U.  S.  Bureau  of  Mines,  Inflammability  of  Illinois  Coal  Dust, 
by  J.  K.  Clement  and  L.  A.  Scholl,  Jr. 

♦Bulletin  137.    U.  S.  Bureau  of  Mines,  Use  of  Permissible  Explosives  in  the 
Coal  Mines  of  Illinois,  by  James  B.  Fleming  and  John  W.  Koster. 

♦Bulletin  138.     U.   S.  Bureau   of   Mines,   Coking  of  Illinois   Coals,  by  F.   K. 
Ovitz. 

Bulletin  91.  Engineering  Experiment  Station,  University  of  Illinois,  Sub- 
sidence Besulting  from  Mining,  by  L.  E.  Young  and  H.  H.  Stoek. 

Bulletin  100.  Engineering  Experiment  Station,  University  of  Illinois,  The 
Percentage  of  Extraction  of  Bituminous  Coal,  with  Special  Beference  to 
Illinois  Conditions,  by  C.  M.  Young. 


*Ck>pie8  may  be  obtained  by  addressing  the  Director,  U.  S.  Bureau  of  Mines,  Washing- 
ton. D.  0. 
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THE  UNIVEKSrrY  OF  ILLINOIS 
THE  STATE  UNIVERSIXy 
Urbana 
Edmund  J.  James,  Ph.  D.,  LL-  D.,  President 


THE  UKIVERSlfr  mCLUDBS  THE  FOLLOWING  DEPARTMENTS: 

The  Ondtiate  Sdbool 

The  College  of  Libenl  Arts  and  Sciences  (Ancimit  and  Modem  LiM^iguages  j 
Literatures;  History,  Economics,  Political  Science,  Sociology;  Phi^op 
Psychology,  Education;  Mathematics^  Astronomy;  Geolo^;  I^ysics;  Chemis 
B6tany,  Zoology,  Entomology;  Physiology;  Art  and  Design) 

The  College  of  Commerce  and  Business  Administration  (General  Business,  Bt 
ing,  Insurance,  Accountancy,  Railway  Administration,  Foreign  Comme 
Courses  for  Commercial  ■  Teamers  and  Commercial  and  Civic  secretaries) 

The  College  of  Engineering  (Architecture;  Architectural,  Ceramic,  Ciril,  Electri 
Mechi^cal,  Mining,  Municipal  and  Sanitaryi  and  Railway  Engineering) 

The  Coflege  of  Agricultore  (Agronomjr,  Animal  Husbandry;  Dairy  Husbant 
Horticulture  and  Landscape  Gardening;  Agricultural  Extensi(m;  Teacl 
Course;  Household  Science) 

The  College  of  Law  (three  yean'  coutse) 

The  Schooi  of  Education 

The  Course  hi  Journalism 

The  Courses  in  Chemistry  and  Chemical  Engineering 

the  School  of  Railway  Enghieering  and  Administration 

The  Schod  of  Mu^c  (four  years'  course) 

The  Schod  of  Library  Sdence  (two  yearn'  course) 

The  C<Aege  of  Medicine  (in,  Chicago) 

The  College  of  Dentistry  (in  Chicago) 

The  School  of  Pharmacy  (in  Chicago;  Ph.  G.  and  Ph.  C.  courses) 

The  Summer  Session  (eight  weeks) 

Experiment  Stations  and  Scientific  Bureaus:    U.  S.  Agricultural  Expme 
Station;  Enmneering  Experiment  Station;  State  Laboratory  of  Natural 
tory;  State  Entomologist's  Office;  Biolo^cal  Experiment  Station  on  Uli 
River;  State  Watw  Survey;  State  Geological  Survey;  U.  S.  Bureau  of  M 
Experiment  Station, 

The  libraiy  collections  contain  (July  1,  1917)  400,720  volumes  and  102,029  f 
phlets. 

For  catalogs  and  inf(Htnation  address 

THE  REGISTRAR 
Ubbana,  Illh^ 
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COMPARATIVE  TESTS  OF  SI 
OF  ILLINOIS  COAL  ON  A  ]\ 
LOCOMOTIVE 

BY 

EDWARD  C,  SCHMIDT,  JOHN  M.  SI 

AND 

OTTO  S.  BEYER,  Jr. 


BULLETIN  No.  101 
ENGINEERING  EXPERIMENT  STA' 
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THE  Engineering  Experiment  Station  was  established  by  act  of  the 
Board  of  Trustees,  December  8,  1903.    It  is  the  purpose  of  the 
Station  to  carry  on  investigations  along  various  lines  of  engmeer- 
ing  and  to  study  problems  of  importance  to  professional  engineers  and 
to  the  manufacturing,  railway,  mining,  constructional,  and  industrial 
inteirests  Of  the  State. 

The  control  of  the  Engmeering  Experiment  Station  is  vested  in  the 
heads  o|  the  several  departments  of  the  College  of  Engineering.  These 
constitute  the  Station  Staff  and,  with  the  Director,  determine  ther  char^ 
acter  of  the  investigjations  to  be  undertaken.  The  work  is  carried  on 
under  the  supervision  of  the  Staff,  sometimes  by  research  fellows  as 
graduate  work,  sometimes  by  members  of  the  instructional  staff  of  the 
College  of  Engineering,  but  more  frequently  by  investigators  belong^ 
to  the  Station  corps. 

The  results  of  these  investigations  are  published  in  the  form  of 
bulletins,  which  record  mostly  the  e^eriments  of  the  Station^s  own  staff 
of  investigators.  There  will  also  be  issued  from  time  to  time,  in  the 
form  of  circulars,  compllatioiis  giving  the  results  ol  the  experiments  of 
"engineers,  industrial  works,  technical  institutions,  and  governmental 
testing  departments. 

The  volume  and  number  at  the  top  of  the  title  page  of  the  cover 
are  merely  arbitrary  numbers  and  refer  to  the  general  pubHcatbns  of 
the  University  of  Illinois;  eUher  above  the  title  or  bdow  the  seal  ia  given 
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ON  A  MIKADO  LOCOMOTIVE 


I.    Introduction 

1.  Preliminary  Statement. — ^Until  a  few  years  ago  practical^ 
of  the  coal  used  on  loc^omotives  was  mine-run  coal — the  entire 
screened  products  of  the  mines.  In  recent  years,  however,  incref 
quantities  of  screened  lump  coal  have  been  used  in  locomotive  ser 
This  increase  in  the  consumption  of  lump  coal  has  been  due  part) 
economic  factors,  such  ad  the  increasing  market  for  the  screen 
which  result  from  the  production  of  lump  coal ;  and  partly  to  the  b 
that  lump  coal,  when  burned  on  a  locomotive,  produces  enough  i 
steam  than  mine-run  coal  to  compensate  for  its  greater  cost.  Sp< 
considerations,  such  as  the  desire  to  lessen  the  amount  of  smoke  fori 
have  also  led  in  some  instances  to  the  use  of  lump  coal,  which  is 
erally  believed  to  require  less  skill  in  firing  than  mine-run  coal, 
cause  of  the  gradual  adoption  of  mechanical  stokers  for  locomoti 
the  railroads  are  also  using  constantly  increasing  amounts  of  var 
sizes  of  screenings  for  locomotive  fuel.  Thus  far  they  have  made  c 
paratively  little  use  of  any  except  the  sizes  mentioned,  although  tr 
and  market  conditions  occasionally  make  it  feasible  and  desirabL 
employ  such  sizes  as  egg,  egg-run,  and  nut  coal  on  locomotives,  ] 
vided  the  prices  are  such  as  to  warrant  their  use. 

Under  these  circumstances  railway  purchasing  departments 
continually  confronted  with  the  problem  of  choosing  between  m 
run  and  lump  coal,  and  occasionally  with  that  of  choosing  betw 
these  and  other  sizes  as  well  as  between  various  sizes  of  screenii 
Foi:  such  a  choice,  information  regarding  the  relative  values  of 
various  sizes  of  coal  in  locomotive  service  is  obviously  essential; 
unfortunately  very  little  such  information  is  in  existence.    Nearly 
locomotive  laboratory  tests  have  been  made  with  mine-run  coal,  i 
what  little  information  is  available  concerning  the  relative  values 
mine-run  and  lump  coal  has  been  derived  from  road  tests,  and 
inadequate  and  conflicting.    There  are  practically  no  data  concern 
the  other  sizes. 

An  appreciation  of  the  situation  thus  briefly  reviewed,  anc 
recognition  of  the  economic  importance  of  reliable  information  on  1 
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subject  led,  in  1914,  to  the  appointment  by  The  International  Railway 
Fuel  Association  of  a  special  Committee  on  Fuel  Tests.  This  com- 
mittee was  instructed  to  arrange  tests  in  locomotive  service  for  various 
sizes  of  coal  in  order  to  determine  their  steam-producing  capacities 
and  to  define  their  relative  values.  This  committee  held  its  first  meet- 
ing in  November,  1914,  at  the  University  of  Illinois,  and  arrangements 
then  broached  in  conference  between  the  committee  and  the  repre- 
sentatives of  the  Engineering  Experiment  Station  of  the  University 
later  resulted  in  an  agreement  for  co-operation  between  the  Fuel  Asso- 
ciation, the  University,  and  the  United  States  Bureau  of  Mines  in 
carrying  on  an  investigation  of  the  subject  under  consideration.  The 
tests  whose  results  are  here  presented  constitute  the  beginning  of  this 
investigation.  The  agreement  contemplates  the  continuation  of  the 
research  on  coals  from  various  other  fields.  Under  the  terms  of  this 
agreement  the  University  of  Illinois  has  furnished  the  facilities  of  its 
locomotive  laboratory,  the  services  of  the  staff  of  its  department  of 
railway  engineering,  and  a  portion  of  the  funds  required  for  the  tests ; 
the  Fuel  Association  has  provided  the  remainder  of  the  funds;  and 
the  Bureau  of  Mines  has  made  all  the  chemical  analyses  and  the  heat 
determinations  of  the  coal,  ash,  and  cinders.  In  perfecting  these  ar- 
rangements, the  Fuel  Association  was  represented  by  the  committee 
whose  members  are  named  in  Section  2 ;  and  the  Bureau  of  Mines,  by 
Director  Van.  H.  Manning,  and  Mr.  0.  P.  Hood,  Chief  Mechanical 
Engineer. 

The  funds  supplied  by  the  Fuel  Association  were  obtained  by 
subscription  and  did  not  become  available  until  the  Spring  of  19l6; 
the  locomotive,  then  under  construction,  was  not  delivered  until  the 
Fall  of  that  year.  The  tests  were  begun  in  December,  1916,  and 
were  completed  in  February,  1917. 

The  body  of  this  bulletin  contains  information  concerning  the 
test  program,  the  coal,  the  locomotive,  the  laboratory,  the  test  methods 
and  conditions,  and  the  results.  Appendixes  I,  II,  and  III  contain 
more  detailed  statements  regarding  the  locomotive  and  the  methods, 
and  complete  tabulated  results.  In  Appendix  IV,  there  are  presented 
certain  data  relating  to  engine  performance.  In  Appendix  V,  there 
are  the  results  of  a  few  of  the  tests  which,  in  order  to  study  the  uni- 
formity of  conditions  during  their  progress,  were  divided  into  three 
periods,  and  the  data  for  each  period  were  separately  calculated. 

The  results  of  this  investigation  have  already  been  presented  in 
a  report  to  the  International  Railway  Fuel  Association  Convention 
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held  in  Chicago  in  May,  1917 ;  and,  in  somewhat  different  form,  will 
api>ear  in  the  Proceedings  of  the  Association  for  this  year. 

2.  Acknowledgments. — The  Committee  on  Fuel  Tests  previously 
referred  to,  under  whose  direction  the  work  was  planned  and  the 
general  program  defined,  was  composed  of  the  f ollovmig : 

J.  G.  Crawford,  Fuel  Engineer,  Chicago,  Burlington  & 
Quincy  Railroad,  Chairman 

H.  B.  Brown,  General  Fuel  Inspector,  Illinois  Central  Bail- 
road 

W.  P.  Hawkins,  Fuel  Agent,  Missouri  Pacific  Railway  Sys- 
tem 

0.  P.  Hood,  Chief  Mechanical  Engineer,  United  States 
Bureau  of  Mines 

L.  R.  Pyle,  Fuel  Supervisor,  Minneapolis,  St.  Paul  &  Sault 
Ste.  Marie  Railroad 

W.  L.  Robinson,  Supervisor  of  Fuel  Consumption,  Baltimore 
&  Ohio  Railroad 

E.  C.  ScHMroT,  Professor  of  Railway  Engineering,  University 
of  Illinois 

The  locomotive  used  during  the  tests  was  loaned  by  the  Baltimore 
and  Ohio  Railroad  Company,  through  the  interest  and  courtesy  of 
Mr.  J.  M.  Davis,  Vice  President;  Mr.  F.  H.  Clark,  General  Superin- 
tendent of  Motive  Power;  and  Mr.  M.  K.  Barnum,  Assistant  to  the 
Vice  President.  The  tests  came  at  a  time  when  traffic  demands  were 
extraordinary,  and  the  loan  of  the  locomotive  constituted  as  great  a 
contribution  to  the  work  as  that  made  by  any  other  agency. 

The  funds  provided  by  the  International  Railway  Fuel  Association 
were  donated  to  the  Association  by  the  following  railroads,  coal  com- 
panies, and  railway  supply  manufacturers  : 

Atchison,  Topeka,  and  Santa  Fe  Railway 

Atlantic  Coast  Line  Railway 

Baltimore  and  Ohio  Railroad 

Chicago  Great  Western  Railway 

Chicago,  Indianapolis,  and  Louisville  Railway 

Erie  Railroad 

Long  Island  Railroad 

Minneapolis,  St.  Paul,  and  Sault  Ste.  Marie  Railway 

Norfolk  and  Western  Railway 
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St.  Louis  Southwestern  Railway 

Seaboard  Air  Line  Railway 

Big  Muddy  Coal  and  Iron  CoBfPANY 

T.  C.  KktJjKB  and  Company 

Old  Ben  Coal  Corporation 

W.  P.  Rend  and  Company 

Southern  Coal  and  Mining  Company 

Taylor  Coal  Company 

United  Coal  Mining  Company 

American  Arch  Company 

American  Locomotive  Company 

Franklin  Railway  Supply  Company 

Locomotive  Stoker  Company 

Locomotive  Superheater  Company 

The  Pilliod  Company 

The  Locomotive  Stoker  Company  and  the  Baltimore  and  Ohio, 
the  Chicago  and  Northwestern,  the  Brie,  and  the  Minneapolis,  St. 
Paul  &  Sanlt  Ste.  Marie  Railroad  Companies  each  delegated  to  the 
laboratory  a  man  to  act  as  test  observer  and  calculator  for  the  entire 
period  of  the  tests.  Mr.  L.  R.  Pyle,  Fuel  Supervisor  of  the  road 
last  named,  was  in  charge  of  the  cab  operations  and  supervised  the* 
work  of  the  fireman.  The  uniformity  attained  in  the  firing  and  in 
the  conditions  of  combustion  was  due  largely  to  the  experience  and 
skill  of  Mr.  Pyle. 

The  department  of  mining  engineering  of  the  University  of  Illinois 
contributed  the  use  of  its  laboratory  facilities  for  crushing  and  sam- 
pling the  coal  and  analysing  the  flue  gas ;  and  Professors  H.  H.  Stock 
and  E.  A.  Holbrook  of  that  department  gave  advice  on  many  matters 
connected  with  the  investigation.  The  laboratory  coal  screen  used  in 
the  tests  was  designed  by  Professor  Holbrook. 

II.  Purpose  and  Program 
As  has  been  stated,  the  ultimate  purpose  of  the  tests  was  to  deter- 
mine the  relative  values  of  different  sizes  of  coal  when  burned  on 
a  locomotive.  The  immediate  purpose  was  to  find  for  each  size,  at 
two  rates  of  evaporation,  the  number  of  pounds  of  water  evaporated 
per  pound  of  coal,  in  the  expectation  that  these  values  of  evaporation 
would  provide  a  proper  basis  for  comparing  the  performance  of  the 
sizes  and  for  defining  their  relative  values.  The  tests  were  made  on  a 
Mikado  (2-8-2)  type  locomotive. 


Digitized  by 


Google 


TESTS  OF  ILLINOIS   COAL   ON   A   MIKADO  LOCOMOTIVE 

Six  sizes  of  Franklin  County,  Illinois,  coal  were  selected- 
run,  2-inch  by  3-inch  nut,  3-inch  by  6-inch  egg,  2-inch  lump, 
screenings,  and  1%-inch  screenings.  The  general  test  progri 
volved  for  each  size  of  coal  six  tests,  three  of  which  were  mad 
medium  rate  of  evaporation,  and  the  remaining  three  at  a  higl 
The  medium  rate  was  chosen  to  represent  an  average  rate  of  w 
the  locomotive,  in  so  far  as  it  is  possible  to  define  such  an  ai 
During  tests  run  at  this  medium  rate  about  23,000  pounds  of 
were  evaporated  per  hour  under  the  prevailing  conditions  of 
pressure,  superheat  temperature  and  feedwater  temperature; 
3,100  to  4,300  pounds  of  coal  were  fired  per  hour ;  and  the  engii 
worked  at  33  per  cent  cut-oflf  and  at  about  19  miles  per  hour,  d( 
ing  approximately  1,300  indicated  horse  power  and  about 
pounds  drawbar  pull.  During  tests  when  the  engine  was  wor 
the  high  rate  of  evaporation,  about  43,000  pounds  of  water  were 
rated  per  hour,  the  hourly  coal  consumption  varied  from  aboul 
to  9,300  pounds,  the  cut-oflf  and  speed  were  respectively  55  p€ 
and  26  miles  per  hour,  while  the  horse  power  was  about  2,200,  a 
drawbar  pull  about  28,500  pounds. 

The  number  of  tests  actually  run  with  each  size  at  each  i 
evaporation  was  as  follows : 


Sim 

OF  Coal 

No.  of  Teste  at 

the  Medium  Rate 

of  Evaporation 

No.  of  T. 
the  High 
of  Evapo 

Mine  Run 

3 
4 
3 
3 
3 
3 

3 

2'  X  3*  Nut 

3*  X  6*  Egg 

2'  Lump 

3 
3 

4 

l>i' Scraemngs  ' 

2 

2 

III. 

The 

Coal 

Used 

3.  Source  and  Mining  Methods, — All  coal  used  during  tl: 
was  secured  from  the  United  Coal  Mining  Company's  Mine 
located  one  mile  east  of  Christopher,  Franklin  County,  Illin 
the  Illinois  Central  and  the  Chicago,  Burlington  and  Quinc; 
roads.  This  mine  was  chosen  by  the  Fuel  Association  Commit 
cause  western  railroads  draw  a  large  fuel  supply  from  this  fie 
because  of  its  nearness  to  the  locomotive  laboratory. 

The  coal  is  derived  from  what  is  designated  by  the  Illinois  C 
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cal  Survey  as  bed  No.  6  of  the  Carboniferous  Age,  Carbondale  forma- 
tion. The  bed  averages  in  thickness  at  this  mine  about  9  feet  and 
carries  almost  throughout,  at  from  18  to  30  inches  from  the  floor,  a 
"blue  band"  variable  in  thickness  and  consisting  of  "bone,"  shaly 
coal,  or  gray  shale.  The  mine  is  worked  under  the  room-and-pillar 
system,  and  the  coal  is  undercut  with  electric  chain  machines.  It 
separates  at  a  parting  of  mother  coal  about  14  to  30  inches  from  the 
top  of  the  bed,  and  the  coal  above  this  parting  is  left  for  the  roof. 
The  coal  face  and  the  mine  itself  are  quite  uniformly  dry. 

All  the  coal  was  mined,  screened,  and  loaded  by  the  methods 
usually  employed  at  the  mine  for  supplying  the  ordinary  commercial 
product.  It  was  inspected  during  the  process  of  loading  by  one  of  the 
regular  fuel  inspectors  of  the  Chicago,  Burlington  and  Quincy  Bail- 
road,  who  at  the  time  of  inspection  took  at  the  tipple  samples  for 
analysis,  the  results  of  which  were  later  used  to  compare  the  moisture 
in  the  coal  when  loaded  with  its  moisture  content  when  used  at  the 
laboratory. 

While  it  was  originally  planned  to  ship  all  test  coal  in  box  cars  to 
protect  it  from  the  weather  during  transit  and  before  it  could  be  un- 
loaded at  the  laboratory,  only  two  cars  of  mine-run  coal  were  so 
shipped.  Under  the  prevailing  conditions  of  business  and  car  sup- 
ply, the  plan  proved  impracticable  and  had  to  be  abandoned,  and  all 
coal  except  these  two  car  loads  was  shipped  in  ordinary  flat-bottomed 
gondola  cars.  As  promptly  as  possible  after  its  receipt  at  the  labora- 
tory— on  the  average  6  days,  and  in  no  instance  more  than  12  days 
after  its  arrival — ^the  coal  was  unloaded  into  covered  bins  where  it 
remained  protected  from  the  weather  until  used.  The  cars  were  un- 
loaded by  hand  shoveling  about  as  they  would  have  been  at  some  of 
the  older  types  of  railway  coal  pockets,  and  the  coal  was  probably  sub- 
jected to  about  the  same  amount  of  breakage  in  this  process.  The 
maximum  time  which  elapsed  between  loading  the  coal  at  the  mine 
and  testing  it  was  37  days  in  one  instance.  Taking  the  tests  as  a  whole 
the  average  time  between  loading  and  testing  was  about  25  days. 

4.  Preparation, — ^At  the  mine  all  coal  was  dumped  from  the  mine 
cars  into  a  hopper  from  which  it  was  run  out  on  a  stationary  deadplate 
where  it  spread  out  before  reaching  the  shaking  screens.  The  various 
sizes  were  prepared  as  follows : 

The  mine  run  coal  was  the  entire  unselected  product  of  the  mine. 

The  2-inch  lump  was  made  by  passing  mine  run  coal  over  a  screen 
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having  144  square  feet  area  with  2-mch  round  openings,  and  consisted 
of  everything  going  over  this  screen. 

The  2-inch  by  3-inch  nut  consisted  of  what  passed  over  the  prev- 
iously mentioned  screen  and  through  a  screen  having  72  square  feet 
area  with  3-inch  perforations ;  and  it  was  re-screened  over  a  stationary 
screen  having  an  area  of  18  square  feet  with  slots  %-inch  wide  and 
8-inches  long,  and  a  stationary  screen  of  20  square  feet  area  with 
1%-inch  round  perforations. 

The  3-inch  by  6-inch  egg  passed  first  over  a  screen  having  144 
square  feet  area  with  2-inch  round  perforations  and  72  square  feet 
area  with  3-inch  round  perf orations,  and  then  through  a  screen  having 
32  square  feet  area  with  6-inch  round  perforations. 

The  2-inch  screenings  were  passed  through  the  screen  over  which 
the  2-inch  lump  coal  was  made,  namely,  144  square  feet  area  with 
2-inch  round  perforations. 

The  1^-inch  screenings  were  made  at  the  re-screening  plant 
through  a  revolving  screen  having  411  square  feet  area  of  plate  with 
%-inch  round  perforations  and  188  square  feet  area  of  plate  with 
1^-inch  perforations. 

5.  Chemical  Analyses. — ^During  the  progress  of  each  test,  while 
the  coal  was  being  loaded  into  the  charging  wagons  to  be  taken  to  the 
firing  platform,  samples  were  taken  for  the  purpose  of  analysis.  These 
samples  varied  in  amount  from  500  to  1000  pounds,  and  they  were 
taken  according  to  methods  prescribed  by  the  American  Society  for 
Testing  Materials  as  set  forth  in  the  year  book  of  the  society  for  1915. 
The  sampling  process  is  described  in  Appendix  U.  Under  arrange- 
ments made  with  the  United  States  Bureau  of  Mines,  all  analyses  of 
coal,  ash,  and  cinders  were  made  at  the  laboratories  of  the  bureau  in 
Pittsburgh,  where  the  samples  were  shipped  immediately  upon  the 
conclusion  of  each  test. 

The  results  of  these  analyses  are  given  for  each  test  in  the  tables 
in  Appendix  III.  The  averages  of  the  coal  analyses  for  all  tests  made 
with  each  grade  of  coal  are  presented  in  Table  I.  An  inspection  of 
this  table  reveals  a  rather  unusual  uniformity  among  the  various 
sizes  with  regard  to  their  composition  and  heating  value.  Consider- 
ing all  six  sizes,  the  ash  content  varied  from  8.06  per  cent  to  10.59 
per  cent  and  the  heating  value  per  pound  of  dry  coal  varied  from 
12,711  to  13,239  B.  t.  u.  The  analyses  for  the  two  sizes  of  screenings 
correspond  very  closely  in  all  respects  and  their  average  heating  value 
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Table  1 

The  Chemical  Analyses  and  Heating  Values  of  the  Coalb 

(The  table  gives  the  averages  for  all  tests  for  each  sixe.) 


Proxiinate  An&lyM*^ 
CoalaaFired 


Sub  of  Coal 


ii 


1^ 


Calorifio  Values 


Ultimate  j 

CoalaaFired 


om 


1 

op 


I 

I 

6 
•sp 

an 


^.1 
|s 

is 


O     S 


I"  I 


8 


II 


Mine  Run 

2'x3'Nut 

8'x6'Egg 

2'  Lump 

2'  Screening  . . . . 
IK'  Screenings . . 


8.14 
8.60 
8.82 
9.27 
9.25 
9.09 


8347 


34.18 

34. 

34.57 

34.46 

32.05 

32.34 


47.92 
70 
48.56 
47.49 
48.12 
48.01 


9.76 
8.87 
8.06 
9.07 
10.59 
10.57 


0.95 
0.88 
0.94 
0.88 
0.85 
0.97 


11873 
11957 
12071 
11817 
11550 
11557 


12926 
13082 
13239 
13023 


66.63 
67.50 
68.19 
66  34 
12727  14408  65!  74 
127111438565.49 


14463 
14487 
14523 
14460 


4.28 

4.36 

4.50 

4. 

4.43 

4.35 


1.55 
1.38 
1.61 
1.49 
1.48 
1.43 


8.69 
8.42 
7.99 
8.73 
7.66 
8.10 


7.82 
8.48 


9.07 


based  on  dry  coal,  was  only  about  two  per  cent  less  than  the  average 
heating  value  of  the  four  large  sizes.  Their  average  ash  content 
was  10.58  per  cent,  and  the  average  ash  for  the  other  sizes  was 
8.94  per  cent — a  difference  of  1.64  per  cent.  As  would  be  expected, 
the  mine  run  occupies  an  intermediate  position  between  the  screen- 
ings and  the  egg,  nut  and  lump,  both  with  regard  to  ash  content 
and  to  heating  value.  The  uniformity  of  the  analyses  and  of  the 
heating  values  makes  it  clear  that  such  differences  in  performance 
as  developed  between  the  various  sizes  are  due  chiefly  to  differences 
in  their  mechanical  make-up,  and  only  in  small  measure  to  differences 
in  their  chemical  composition.  This  fact  is  further  emphasized  by 
discussion  which  appears  later  in  the  report. 

6.  The  Make-up  of  the  Coals  as  Received, — ^Because  of  differences 
in  the  nature  of  the  coal,  in  mining  methods,  and  in  methods  of  prep- 
aration, there  ia  frequently  much  uncertainty  about  the  meaning 
of  such  terms  as  **  mine  run,'*  **  lump,"  etc.  The  mine  run  grade 
from  a  district  where  the  coal  is  soft  and  friable,  for  example,  is 
likely  to  contain  a  larger  proportion  of  fine  coal  than  mine  run  made 
from  a  harder  coal.  Similarly  the  methods  of  mining,  the  use  of  bar 
instead  of  plate  screens,  or  square-hole  instead  of  round-hole  screens, 
all  entail  differences  in  the  make-up  of  coals  which  are  designated  by 
identical  names.  For  these  reasons  the  laboratory  has  devised  a 
method  of  screening  samples  of  the  coals  used  during  tests  for  the 
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purpose  of  separating  them  into  their  size  elements  in  orde: 
able  to  define  and  record  the  actual  mechanical  make-up  of  the 
grades.*    All  the  coals  used  in  these  tests  were  thus  screen( 
this  screening  process  is  referred  to  in  the  report  as  the  mec 
analysis. 

The  samples  for  this  purpose  were  taken  while  the  cars  wer 
unloaded,  by  methods  which  are  described  in  Appendix  II. 
carloads  e^ch  of  mine  run  and  lump,  and  two  carloads  of  eacl 
other  four  grades  were  received  at  the  laboratory.  For  both  tl 
run  and  the  lump  coals,  two  of  the  three  carloads  of  each  sL 
sampled  for  screening.  Samples  were  taken  from  each  car  of  i 
each  car  of  egg,  whereas  the  two  cars  of  2-inch  screenings  and 
cars  of  1%-inch  screenings  were  combined  for  each  size,  and  oi 
pie  only  was  taken  from  each.  There  was  thus  taken  for  mec 
analysis  a  total  of  ten  samples,  each  of  which  weighed  about  t^ 

These  samples  were  screened  by  means  of  the  specially  d 
shaker  screen  shown  in  Pig.  1.  This  consists  of  two  incline 
frames  each  of  which  is  supported  by  four  vertical  wood< 
springs.  These  frames  are  shaken  by  connecting  rods  atta( 
the  pulley-driven  eccentrics  which  appear  at  the  right  of  the 
and  which  were  run  at  a  speed  of  80  revolutions  per  minut< 
frames  carry  removable  plate  screens  provided  with  round 
ations.  Five  such  screens  were  used  perforated  respective! 
4-inch,  2-inch,  1-inch,  %-inch,  and  14-i^ch  holes. 

Starting  with  the  4-inch  screen  in  the  upper  and  the  2-inch 
in  the  lower  frame,  one  of  the  samples — mine  run,  for  exa 
was  fed  over  the  upper  frame  and  the  coal  was  separated  h 
parts;  one  containing  what  passed  over  the  4-inch  screen,  th 
what  passed  through  the  4-inch  screen  and  over  the  2-inch  sere 
the  screenings  which  passed  through  the  2-inch  screen.  The  fi 
portions  were  then  set  aside  for  weighing,  the  screens  were  repL 
the  plates  with  1-inch  and  %-inch  holes,  the  screenings  wen 
fed  onto  the  upper  plate  and  the  process  repeated,  ending  final 
the  ^-inch  screen.  In  this  way  the  sample  was  divided  into  si 
whose  size  limits  were  as  designated  by  the  headings  of  Coli 
to  7  in  Table  2.  These  parts  were  then  weighed  and  the  ratios  < 
weights  to  that  of  the  original  sample  were  calculated. 


*The  term  "grade"  is  occasionally  used  throughout  this  bulletin   instead  of 
'size."     It  refers  solely  to  one  of  the  six  sizes  tested,  and  does  not  imply  any  difl 
quality  or  kind. 
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Table  2  presents  the  average  values  of  these  ratios  and  it  defines, 
therefore,  for  each  grade  the  magnitude  of  the  size  elements  which 
went  to  make  up  the  original  coal  and  thus  records  definitely  its  com- 
position.   The  significance  of  Table  2  is  perhaps  made  clearer  by 

Table  2 

Thb  Sizb  Elbmbnts  op  thb  Coals  as  Rbceivbd  at  thx  Labobatort 

(This  table  gives  the  direct  results  of  the  separation  made  by  the  .use  of  the 

laboratory  screens) 


SnaoFCoAt 

Per 
Cent 

4' 

Soieen 

Per  Cent 
through 
V  over 

2' Screen 

Per  Cent 
through 
2' oyer 

r  Screen 

Percent 

through 

I'orer 

H' Screen 

Percent 

through 

M'over 

J?  Screen 

Per  Cent 

through 

H-Screen 

Total 

1 

2 

8 

4 

5 

e 

7 

8 

Mine  Run 

2'x8'Nut 

S'lS;?'.::::::: 

29. e 

41.6 
ei.e 

22.81 
08.0 
48.8 
26.4 

ie.8i 

80.8 
6.8 
7.6 

88.2 
4.6 

11.4 

2.8 

2.0 

1.0 

25.7 

87.0 

7.4 

1.1 

1.1 

.0 

14.2 

20.0 

12.6 
1.0 

!:? 

26.0 
87.6 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 

iDerived  from  iilotted  ounree  (Fig.  0). 

Figs  3  to  8  inclusive.  Each  of  these  illustrations  applies  to  one  of  the 
aizes  and  each  figure  is  reproduced  from  a  photograph  of  the  various 
size  elements  which  came  from  the  screen  and  which,  after  weighing, 
were  assembled  side  by  side  as  shown  in  the  cuts.  These  figures  pre- 
sent graphically  the  same  information  as  is  given  in  Table  2.  Fig.  2 
is  reproduced  from  photographs  of  the  original  coal  samples  and  repre- 
sents the  six  sizes  as  they  were  received  at  the  laboratory. 

The  facts  presented  in  Table  2  may  be  re-combined  to  permit  tab- 
ular and  graphical  definitions  of  the  grades  in  another  form.  Con- 
sidering in  Table  2  the  2-inch  by  3-inch  nut  coal,  if  we  add  Columns 
4  to  7  we  find  that  36.1  per  cent  of  this  coal  passes  through  a  2-inch 
screen.  Adding  Columns  5,  6,  and  7  we  find  that  5.8  per  cent  will 
pass  through  a  1-inch  screen,  etc.  Obviously  also  100  per  cent  of  this 
grade  passed  a  3-inch  screen  in  the  original  preparation  at  the  mine. 
The  total  per  cents  passing  the  various  sized  screens  determined  in 
this  manner  from  Table  2  are  assembled  in  Table  3,  where  we  find 
that  for  the  2-inch  by  3-inch  nut  coal,  31.1  per  cent,  5.8  per  cent, 
8.0  per  cent,  and  1.9  per  cent  passed  respectively  2-inch,  1-inch, 
^-inch,  and  %-inch  screens.  If  now  we  plot  as  in  Fig.  9  the  per- 
centages given  in  Table  3,  together  with  the  corresponding  screen 
size,  we  get  for  the  nut  coal  curve  No.  3  there  drawn,  which  serves  to 
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Fig.  2.     The  Six  Sizes  op  Coal  Used   During  the  Tests,  in  the  Condition  in 
Which  They  Were  Delivered  at  the  Laboratory 
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The  titles  to  Fig.  3  and  Fig.  6  should 

be  interchanged,  and 

The  titles  to  Fig.  7  and  Fig.  8  should 

be  interchanged. 
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mits  us  to  det( 
s  through  th< 
markerTnTrg.*^'n>iit  presumably  to  determine  th 
screens  of  any  intermediate  size.  The  six  curves  d 
plotted  from  the  percentage  values  and  the  scr 
Table  3  for  each  of  the  grades.  Those  portions  oi 
with  broken  lines  are  not  supported  by  direct  expei 
scale  shown  in  the  upper  part  of  the  diagram  repress 
which  are  commonly  used  in  the  mines  of  southern  ] 


Table  3 
The  Maks-XJp  or  the  Coals  as  Received  at  th 
(This  table  presents  the  results  computed  from 


Sm  or  Coal 

Percent 
over  4' 
Soieen 

Percent 
through  4' 

Percent 

through  3' 

Screen 

Per  Cent 

through  1' 

Screen 

1 

3 

3 

4 

5 

Mine  Run 

yxS'Nut 

rze'En 

3*  Lump 

2'Ser6Miinn  ... 

29.e 

4i;6 
ei.o 

70.4 

iQ.b 

38.4 

48.1 
36.1 
10.7 
13.0 

31.8 

6.8 

5.4 

4.6 

66.8 

06.5 

If  in  Pig.  9,  we  follow  curve  No.  5  pertainini 
we  find  that  about  90  per  cent  of  it  will  pass  thr 
9-inch  round  holes ;  about  87  per  cent  of  it  will  pa 
screen ;  about  70  per  cent  through  a  4-inch  screen ;  i 
a  2-inch  screen,  and  so  on.  It  is  interesting  to  note 
3-inch  nut,  the  3-inch  by  6-inch  egg,  and  the  2-i 
nearly  the  same  proportions  of  coal  which  passes  tl 
or  less  in  diameter;  whereas  in  these  sizes  the  pro 
coal  differ  materially.  Other  comparisons  are  re 
having  all  six  sizes  thus  represented  on  one  diag 
borne  in  mind  that  the  curves  in  Fig.  9  define  the  i 
the  condition  in  which  they  were  unloaded  froi 
laboratory. 

7.    The  Make-up  of  the  Coals  as  Fired.— All 
mine  run  and  lump  were  unloaded  into  the  chai 
the  bins  without  further  preparation,  and  they 
fired  in  exactly  the  condition  in  which  they  arrive( 
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except  for  the  breakage  incident  to  unloading  and  the  insignificant 
breakage  due  to  shoveling  into  the  charging  wagons. 

Since,  however,  the  mine  run  and  the  lump  coals  contained  as 
usual  a  considerable  proportion  of  lumps  too  large  for  proper  firing, 
the  attempt  was  made  to  break  these  two  sizes  down  to  the  extent 
to  which,  in  the  judgment  of  those  in  charge  of  the  tests,  these  grades 
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size  OF  THE  SCREENS- INCHES 

Fio.  9.    Ths  Makx-up  of  the  Goals  in  the  Condition  in  WmcH 
They  Were  Beoeivxd 


are  generally  broken  down  at  the  coal  chute.  These  two  coals  as 
fired  contain,  therefore,  a  smaller  proportion  of  large  lumps  than  when 
they  were  received  and  the  extent  to  which  this  extra  preparation 
modified  the  make-up  of  the  coals  is  defined  in  the  table,  the  figures, 
and  the  discussion  which  follow. 

After  the  mechanical  analysis  samples  taken  to  represent  the  mine 
run  and  lump  coals  as  received  at  the  laboratory  had  been  screened 
and  separated  as  described  in  the  preceding  section,  the  large  lumps  in 
each  sample  were  broken  down  to  the  same  extent  as  these  sizes  were 
broken  before  firing,  and  under  the  supervision  of  the  same  test 
operators  who  controlled  this  process  during  the  progress  of  the  tests. 
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These  reduced  samples  for  mine  ran  and  lump  coal  were  accepted 
representing  these  two  grades  in  the  condition  in  which  they  were  fire 
and  they  were  subjected  to  the  same  screening  process  as  has  be 
previously  described.  The  results  of  this  mechanical  analysis  are  pi 
sented  for  these  two  coals  ''as  fired"  in  Table  4,  and  the  size  p( 
centages  of  these  grades  in  the  condition  in  which  they  were  receiv 
are  also  embodied  for  comparison's  sake  in  the  same  table. 


SIZE  OF  THE  .SCREENS- INCHES 


Fig.  10.    The  Make-up  op  the  Mine  Run  and  the  Lump  Coals, 
AS  Beceiyed  and  as  Fired 


The  values  in  Table  4  are  plotted  in  Pig.  10,  in  which  curve  No. 
applies  to  mine  run  coal  as  received  and  No.  7  to  the  same  grade 
fired ;  while  curves  6  and  8  apply  to  the  2-inch  lump  coal  in  the  co 
ditions  as  received  and  as  fired,  respectively.  The  extent  to  whi 
these  two  sizes  were  broken  down  is  revealed  by  an  inspection 
Table  4  and  Pig.  10.  Considering  the  curves  in  the  figure,  it  is  a 
parent  that  the  largest  lumps  in  the  mine  run  were  somewhat  furtb 
broken  dovni  than  those  in  the  2-inch  Lump.  After  reduction  ; 
mine  run  passed  through  a  5-inch  screen,  whereas  only  about  74  p 
cent  of  the  lump  would  pass  a  screen  of  this  size. 
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TabLB  4 

The  Make-Up  of  the  Mine  Run  and  the  Lump  Coal,  Both  as 

Received  and  as  Fired 


Sua  ov  Coal 

Percent 
over  4* 
Screen 

Percent 

through  4' 

Screen 

Percent 

through  3' 

Screen 

Percent 

through  1' 

Screen 

Percent 

through  H' 

Screen 

Percent 

through  H' 

Screen 

1 

3 

3 

4 

5 

6 

7 

Mine  Run: 

Am  Raoeivad . . 

A«Fii«d 

2*  Lump: 

A«  Raoeivad.. 

Aa  Fired 

80.6 
18.1 

61.6 
43.7 

70.4 
86.9 

88.4 
57.8 

12.0 
21.0 

31.3 
84.8 

4.5 
9.0 

19.9 
32.0 

3.6 
5.8 

13.5 
13.8 

1.7 
3.0 

1  Dcvhrad  from  plotted  eurvea  (Fig.  10). 

In  order  to  permit  comparisons  of  the  mechanical  make-up  of  all 
six  sizes  as  fired,  curves  Nos.  1,  2,  3,  and  4  from  Fig.  9  (applying  to 
the  grades  which  were  fired  as  received)  and  curves  7  and  8  from  Fig. 
10  are  brought  together  in  Fig.  11,  which  consequently  shows  the 
make-up  of  all  the  grades  in  the  condition  in  which  they  were  fired 
during  the  tests. 


SIZE  OF  SCREENS-INCHES 


Fio.  11.    Thx  Maksup  of  thx  Goals,  in  thb  Condition  in  WmoH 
Thit  Wxrb  Fibxd 
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IV.    The  Locomotive 

8.  Design  and  Main  Dimensions. — ^The  locomotive  used  during  the 
tests  was  loaned  for  the  purpose  by  the  Baltimore  and  Ohio  Railroad 
Company.  It  was  of  the  Mikado  type  (2-8-2) ;  its  road  number  was 
4846,  and  its  classification,  Q-7-P.  It  was  built  by  the  Baldwin  Loco- 
motive Works  during  the  summer  of  1916,  entered  service  in  Septem- 
ber, and  upon  its  arrival  at  the  laboratory,  had  run  approximately 
3400  miles.    It  arrived  at  the  laboratory  in  excellent  condition. 

The  principal  dimensions  of  the  locomotive  are  as  follows: 

Total  weight,  in  working  orders,  lb 284,500 

Weight  on  drivers,  lb 222,000 

Cylinders  (simple),  diameter  and  stroke,  iu 26x32 

Diameter  of  drivers,  in '64 

Firebox,  length  and  width,  in 120  x  84 

Firebox  volume,  cu.  f t 348.6 

Orate  area,  sq.  ft 69.8 

Heating  surface,  2%-inch  tubes  (fire  side),  sq.  f t 2410 

Heating  surface,  5^-inch  tubes  (fire  side),  sq.  ft 973 

Heating  surface,  firebox  and  tube  sheets  (fire  side)  sq.  ft.     .  247 

Heating  surface,  total  (fire  side)  sq.  ft 3630 

Heating  surface,  superheater  (fire  side)  sq.  f t 1030 

Boiler  pressure,  lb.  per  sq.  in 190 

Tractive  effort,  lb 54587 

The  boiler  was  of  the  wagon-top  type  with  radial  stays.  It  was 
equipped  with  a  Schmidt  top-header  superheater  consisting  of  34 
elements,  a  Street  stoker,  and  a  Security  brick  arch  carried  on  four 
tubes.  The  front  end  was  self-cleaning  and  was  equipped  with  a  plain 
6-inch  nozzle-tip  without  bridge  or  split,  which  was  used  throughout 
all  tests. 

The  grates  were  of  the  box  type,  the  design  pf  which  is  shown  in 
detail  in  Appendix  I.  The  total  air  opening  through  the  grates 
amounted  to  17  square  feet  or  24.4  per  cent  of  the  grate  area.  The 
area  of  the  air  inlet  to  the  ash  pan  amounted  to  8.3  square  feet  or 
49  per  cent  of  the  air  opening  through  the  grates. 

The  locomotive  was  regularly  equipped  with  a  hand-operated  door 
which  was  replaced,  however,  during  the  period  of  the  tests  by  a 
Franklin  pneumatic  door  of  the  butterfly  type.  This  was  used  during 
all  tests  except  those  with  thp  two  sizes  of  screenings,  which  were  fired 
by  means  of  the  Street  stoker. 

The  design  of  the  locomotive  is  described  in  further  detail  in 
Appendix  I. 
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9.  Inspection, — ^In  order  to  ensure  uniformity  of  its  condition  as 
regards  accumulations  of  scale,  soot,  etc.,  and  to  define  these  condi- 
tions, the  locomotive,  during  its  stay  in  the  laboratory,  was  handled 
and  inspected  as  follows: 

The  boiler  water  was  changed  every  five  or  six  days  and  the  boiler 
was  washed  about  every  two  weeks.  More  frequent  washings  were 
unnecessary  because  the  laboratory  water  is  relatively  free  from  scale- 
forming  salts  and  suspended  matter.  Monthly  inspections  in  accor- 
dance with  Interstate  Commerce  Commission  regulations  were  made 
during  the  test  period  as  during  regular  service. 

During  the  progress  of  the  earlier  tests,  in  order  to  ensure  uni- 
formity in  the  condition  of  the  heating  surfaces,  all  tubes,  flues,  and 
superheater  elements  were  blovni  free  from  soot  and  small  **  honey- 
comb" immediately  before  each  alternate  test.  Although  there  was 
nothing  in  the  test  results  to  indicate  that  this  was  not  being  done 
often  enough,  to  remove  all  uncertainty  this  blowing  down  process 
was  gone  through  before  each  test  during  the  latter  part  of  the 
series.  The  front  end  netting  was  cleaned  of  all  cinders,  and  the 
cinders  were  removed  from  the  top  of  the  arch  at  the  same  time.  The 
arch  was  inspected  after  each  test,  and  all  defective  bricks  were  imme- 
diately replaced. 

Upon  its  arrival  at  the  laboratory,  the  interior  of  the  boiler  was 
inspected  and  was  found  to  be  free  from  all  scale  except  a  very  thin 
coating.  The  laboratory  water  itself  is  not  only  nearly  free  from 
scale-forming  materials  but  it  tends  frequently  to  soften  hard  scale 
deposited  by  other  water ;  and  a  final  interior  inspection  revealed  the 
fact  that  this  softening  had  occurred  in  this  instance,  and  that  the 
original  scale  had  been  considerably  disintegrated.  There  was  nothing, 
however,  in  the  change  in  the  scale  to  indicate  that  the  heat  transfer 
through  the  surfaces  had,  in  any  significant  degree,  varied  on  account 
of  scale  during  the  progress  of  the  tests.  The  facts  that  the  boiler  had 
run  only  3400  miles  before  arriving  at  the  laboratory  and  that  its 
mileage  during  the  tests  was  only  3600,  are  perhaps  in  themselves  suffi- 
cient evidence  that  there  could  have  been  no  accumulation  of  scale  nor 
change  in  its  thickness  sufficient  materially  to  affect  the  test  results. 

V.    The  Laboratory 
The  locomotive  laboratory  is  fully  described  in  Bulletin  82  of  the 
Engineering  Experiment  Station  of  the  University  of  Illinois ;  descrip- 
tions have  been  published  also  in  the  Proceedings  of  the  American 
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Railway  Master  Mechanics'  Association,  Vol.  46,  1913,  and  in  the 
Proceedings  of  the  Western  Railway  Club  for  March,  1913.  It  is 
nnneccessary,  therefore,  to  include  here  any  detailed  statement  con- 
cerning its  design.  Since,  however,  the  amount  of  the  cinder  losses  in 
this  series  of  tests  serves  in  large  measure  to  account  for  the  diflferences 
in  performance  of  the  various  grades  of  coal,  these  losses  have  an 
especial  significance;  and  it  seems  appropriate  therefore  to  describe 
briefly  the  cinder  separator  by  means  of  which  they  were  determined. 

All  gases  and  exhaust  steam  are  discharged  across  an  open  space 
above  the  locomotive  stack  into  the  mouth  of  a  large  steel  elbow 
which  carries  them  up  and  over  to  a  horizontal  duct  running  through 
the  roof  trusses  to  the  rear  of  the  building,  terminating  at  an  exhaust 
fan.  This  elbow  and  duct  are  illustrated  in  Pig.  13.  The  gases  and 
steam  are  drawn  through  the  duct  by  the  fan  and  they  are  then 
passed  through  a  breeching  to  the  cinder  separator  itself  which  is 
located  outside  the  building  and  forms  the  base  of  a  stack  through 
which  the  gases  are  finally  discharged  to  the  air.  The  separator  and 
stack  are  shown  in  section  in  Fig.  14. 

The  cinder-laden  gases  enter  the  separator  at  B  and,  in  order  to 
leave,  they  must  pass  downward  and  around  the  sleeve  A,  This 
passage  gives  them  a  whirling  motion,  which  causes  the  cinders  by 
centrifugal  force  to  move  toward  the  outside  wall  along  which  they 
fall  to  the  hopper  below,  while  the  gases  pass  out  through  the  sleeve  to 
the  stack.  The  cinders  collecting  at  the  bottom  of  the  hopper  are 
dravni  oflf,  weighed,  and  analysed.  This  separator  collects  all  solid 
matter  which  issues  from  the  locomotive  stack,  except  possibly  the 
finest  dust.  The  cinders  taken  from  the  separator  during  tests  with 
mine-run  coal  have  contained  from  10  to  18  per  cent  of  material  which 
passed  a  screen  with  200  meshes  to  the  inch. 

VI.    Firing  Methods 

It  is  desired  to  present  at  this  point  only  such  information  concern- 
ing the  methods  used  in  the  laboratory  as  relates  to  the  measurements 
of  coal  and  to  the  firing.  Information  about  methods  relating  to 
other  test  processes  is  given  in  Appendix  II. 

10.  Coal  Measurements, — Before  starting  the  test,  the  engine 
was  run  at  the  desired  load  and  speed  long  enough  beforehand  to 
permit  the  rate  of  feed  through  the  injectors  to  be  adjusted  to  the 
test  conditions,  and  it  was  generally  unnecessary  to  change  this  rate 
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during  the  progress  of  the  test.  The  tests  were  not  started  until  the 
desired  conditions  of  load,  speed,  boiler  pressure,  and  a  proper  con- 
dition of  the  fire  had  been  established.  The  coal  was  weighed  in  one- 
thousand  pound  lots  before  being  delivered  to  the  firing  platform. 
Throughout  each  medium  rate  test,  the  time  of  firing  the  last  scoopful 
of  each  ton  was  recorded,  together  with  the  levels  of  the  water  in 
the  main  feed  tank  and  in  the  boiler  gauge  glass.  During  the  high 
rate  tests,  these  facts  were  recorded  at  the  time  of  firing  the  last 
scoopful  of  each  two  tons  of  coal.  This  procedure  made  it  possible 
to  control  the  regularity  of  the  firing  process  and  it  also  makes  avail- 
able facts  which  may  be  used  to  illustrate  the  regularity  of  feed  of 
both  the  coal  and  the  water.  For  this  purpose  tests  2405  and  2416, 
fairly  characteristic  of  the  series,  have  been  chosen.  During  test 
2416,  run  at  a  medium  rate  of  evaporation,  the  time  required  to  fire 
each  of  the  ten  successive  lots  of  2000  pounds,  varied  only  from  34  to 
36  minutes;  and  the  amount  of  water  fed  per  minute  during  these 
ten  intervals  varied  only  from  390  to  413  pounds.  During  test  2405, 
which  was  run  at  a  high  rate  of  evaporation,  the  times  required  to 
bum  each  of  the  five  successive  lots  of  4000  pounds  of  coal  were 
respectively  36,  33,  31,  32  and  31  minutes;  and  the  water  fed  per 
minute  during  these  intervals  varied  only  from  693  pounds  to  709 
pounds. 

11.  Firing  Methods, — ^The  locomotive  was  fired  throughout  all 
tests  by  Mr.  C.  Welker,  a  skilled  fireman,  who  was  detailed  by  the 
Illinois  Central  Hailroad  from  its  regular  force.  Previous  to  the 
tests  he  had  had  about  seven  and  one-half  years*  experience  firing  in 
service,  and  he  had  also  had  about  a  half  year's  experience  as  fireman 
in  the  laboratory.  The  supervision  of  the  fireman,  the  control  of  the 
injectors,  and  other  cab  operations  were,  during  all  except  the  last 
three  tests,  in  charge  of  Mr.  L.  R.  Pyle,  Fuel  Supervisor  of  the  Min- 
neapolis, St.  Paul  and  Sault  Ste.  Marie  Railroad,  and  member  of  the 
Fuel  Test  Committee.  During  the  last  three  tests  Mr.  Pyle's  place 
was  taken  by  Mr.  B.  F.  Crolley,  Supervisor  of  Locomotive  Operation 
of  the  Baltimore  and  Ohio  Railroad.  During  the  tests  of  the  two  sizes 
of  screenings,  which  were  fired  by  the  stoker,  the  firing  was  super- 
vised by  Mr.  E.  Prouty,  Mechanical  Expert  of  the  Locomotive  Stoker 
Company. 

All  hand-fired  tests  were  fired  by  the  *  *  three-scoop  system, ' '  that  is, 
three  scoopfuls  of  coal  were  fired  at  a  time,  both  during  the  medium 
and  the  high  rate  tests,  although  during  the  latter  it  was  necessary 
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to  cut  down  the  interval  between  firings.  The  fireman  was  instructed 
to  keep  these  intervals  as  regular  as  possible  and  in  this  he  was  aided 
from  time  to  time  by  stop  watch  observations.  The  degree  of  regu- 
larity attained  is  evidence  by  the  figures  concerning  the  rate  of  coal 
consumption  which  have  already  been  cited,  and  by  the  graphical  logs 
shown  in  Appendix  III.  During  the  stoker-fired  tests,  the  same  regu- 
larity of  feed  was  sought  and  attained.  No  coal  was  fed  by  hand 
during  any  of  these  tests,  and  an  inspection  of  the  fire  at  the  end  of 
the  test  showed  in  each  case  a  uniform  layer  with  no  holes  and  no 
banks. 

The  thickness  of  the  fire  was  kept  as  nearly  uniform  as  was  prac- 
ticable, and  the  grates  were  shaken  as  little  as  possible.  The  Lump 
coal  proved  the  most  diflScult  to  fire,  especially  at  the  high  rate  of  com- 
bustion; and  in  one  high  rate  test  with  this  grade  the  grates  had 
to  be  shaken  six  times.  This  was  unusual,  however,  and  during  the 
entire  series  the  grates  were  shaken,  on  the  average,  only  twice  during 
each  run.  The  approximate  thicknesses  of  the  fire  carried  are  shown 
in  Table  5. 

Table  5 
Approximate  Thicknesses  op  Fire  Carried 


Rate 

Sub  ov  Coal 

At  the  Beginning 

Maximum 

At  the  End 

Mine  Run 

Medium 

Hiith 
Medium 

Medium 

High 
Medium 

Hiffh 
Medium 

Hi^h 
Mecfium 

High 

6 

9 
12 

8 
12 
11 
12 
12 
13 

9 
12 

8 
10 

6 

2*  X  8*  Nut 

12 

8 

3*  X  6*  Egg 

12 
10 

?*  Lump 

10 
12 

2'  Screenings 

12 
7 

IH'  Screenings 

10 
7 

9 

VII.    Test  Conditions 

Owing  to  the  fact  that  only  two  sets  of  conditions  as  to  speed  and 
cut-oflf  were  employed  throughout  the  tests,  other  conditions  such  as 
drafts,  temperatures,  and  pressures  were  also  in  general  quite  uni- 
form for  all  tests  at  a  given  rate.  The  degree  of  uniformity  shown 
is  in  a  large  measure  indicative  of  desirable  test  conditions  and  is 
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therefore  in  some  degree  significant  of  the  reliance  which  may  h 
placed  upon  the  determination  of  those  variables,  such  as  evaporative 
performance,  which  constituted  the  main  purpose  of  the  tests. 

Fig.  15  and  the  discussion  of  the  present  section  are  intended  t< 
present  the  more  important  test  conditions  and  the  variation  of  thes< 
conditions  as  between  different  tests  and  different  groups  of  tests,  anc 
as  between  the  medium  and  high  rate  tests.  Figs.  29  and  30  ii 
Appendix  III  present  graphical  logs  for  tests  2416  and  2405,  on< 
a  medium  and  the  other  a  high  rate  test,  during  each  of  which  approx 
imately  ten  tons  of  coal  were  burned.  These  graphical  logs  are  repre 
sentative  of  the  degree  of  ui^ormity  in  test  conditions  which  existec 
throughout  individual  tests. 

Fig.  15  presents  in  graphical  form  averages  of  test  conditions  f oi 
all  grades  of  coal  for  both  medium  and  high  rate  tests.  The  graphs 
have  been  so  arranged  as  to  show  the  variation  in  conditions  for  dif- 
ferent grades  of  coal  at  a  given  rate,  and  also  to  show  difference  ii 
conditions  between  medium  and  high  rate  tests. 

12.  Drafts, — The  two  upper  graphs  of  Fig.  15  present  averages 
for  front-end  and  firebox  draft.  The  extremes  of  front-end  draft  foi 
the  medium  rate  tests  were  2.8  and  3.8  inches  of  water;  the  average 
for  all  medium  rate  tests  was  3.4  inches  of  water.  The  extremes  oi 
front-end  draft  for  the  high  rate  tests  were  8.4  and  10.1  inches  oi 
water  and  the  average  for  all  high  rate  tests  was  9.3  inches  of  water. 
The  averages  for  the  different  grades  of  coal  vary  but  little  from  the 
common  average  for  all  of  the  tests  at  the  corresponding  rate.  The 
mean  firebox  draft  for  all  medium  rate  tests  was  1.6  inches  of  water 
and  for  all  high  rate  tests,  4.2  inches.  The  averages  for  the  individual 
tests  and  for  the  various  grades  of  coal  do  not  vary  greatly  from  these 
mean  values.  The  high  rate  mine  run  tests  show  the  greatest  vari- 
ation in  front-end  draft.  The  high  rate  Screening  tests  show  a  some- 
what lower  average  firebox  draft  than  is  shown  for  the  other  grades, 
due  probably  to  the  fact  that  although  the  rate  of  combustion  was  rela- 
tively high,  the  fires  were  comparatively  thin  and  open. 

The  data  relative  to  drafts  show  uniformity  of  conditions  between 
the  tests  of  a  group  as  well  as  between  the  different  groups  at  a  given 
rate  of  performance.  In  general  the  drafts  were  comparatively  low 
in  relation  to  rate  of  combustion,  indicating  satisfactory  arrangement 
of  the  draft  appliances. 
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13.  Temperatures, — Front-end  temperatures  are  shown  to  have 
been  uniform  for  the  medium  and  for  the  high  rate  tests,  both  by 
the  graphs  of  Fig.  15  and  by  the  tabulated  values.  The  average  fire- 
box temperatures  also  are  shown  to  have  been  fairly  uniform  for  the 
high  rate  tests  and  slightly  less  so  for  the  medium  rate  tests.  The 
minimum,  maximum,  and  average  values  of  firebox  temperature  for  all 
medium  rate  tests  were  respectively  1735,  2090,  and  1893  degrees  F. ; 
and  the  corresponding  values  for  the  high  rate  tests  were  2078,  2334, 
and  2228  degrees  F. 

14.  Superheat  and  Branch-pipe  Pressure, — The  variations  in, 
and  the  values  for,  averages  of  degrees  of  superheat  and  pressure  in 
branch-pipe  are  shown  graphically  in  Fig.  15.  The  minimum,  maxi- 
mum, and  average  values  of  degrees  of  superheat  for  all  medium  rate 
tests  were  respectively  187,  211,  and  198  degrees ;  and  the  correspond- 
ing values  for  the  high  rate  tests  were  207,  265,  and  243  degrees.  Con- 
siderable lack  of  uniformity  is  shown  by  the  results,  particularly  in 
view  of  the  general  uniformity  which  existed  in  other  test  conditions. 
The  branch-pipe  pressure  for  all  medium  rate  tests  averaged  179 
pounds  per  square  inch,  which  was  10  pounds  lower  than  the  average 
boiler  pressure  for  the  same  tests.  For  the  high  rate  tests  the  branch- 
pipe  pressure  averaged  166  pounds  per  square  inch — 22  pounds  lower 
than  the  corresponding  average  boiler  pressure. 

15.  Rate  of  Combustion  and  Bate  of  Evaporation, — The  two  lower 
graphs  of  Fig.  15  show  the  average  rate  of  combustion  and  the  average 
rate  of  evaporation  for  the  different  sizes  of  coal.  Rate  of  combustion 
is  shown  in  pounds  of  coal  fired  per  square  foot  of  grate  per  hour; 
and  rate  of  evaporation,  in  pounds  of  equivalent  evaporation  per 
square  foot  of  heating  surface  per  hour.  For  the  medium  rate  tests 
the  minimum,  maximum,  and  average  values  for  rate  of  combustion 
were,  respectively,  45.1,  61.9,  and  51.7  pounds  of  coal  per  square  foot 
of  grate  per  hour;  while  for  the  high  rate  tests  the  corresponding 
values  were  99.1,  133.7,  and  109.6  pounds.  Since  the  rate  of  evapora- 
tion per  square  foot  of  heating  surface  per  hour  was  maintained 
approximately  constant  for  all  tests  at  a  given  rate  and  since  the  heat- 
ing value  of  all  sizes  of  the  coal  was  about  the  same,  it  follows  that 
the  various  rates  of  combustion  should  indicate  closely  the  relative 
eflBciencies  with  which  the  coal  was  burned;  and  they  may  be  uSed 
as  rough  measures  of  the  relative  values  of  the  different  grades. 
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VIII.    The  Results  of  the  Tests 

All  the  data  and  the  results  of  the  tests  are  set  forth  in  detail  in  the 
tables  of  Appendix  III ;  but  for  convenience  of  reference  certain  data 
defining  the  test  conditions  and  some  of  the  results  relating  to  evapo- 
rative performance,  cinder  loss,  and  heat  distribution  have  been  assem- 
bled here  and  are  presented  in  Table  6.  In  this  table  the  data  are 
divided  into  twelve  groups;  two  groups  for  each  size  of  coal  tested. 
For  each  size  the  first  group  pertains  to  the  medium  rate  tests;  the 
second,  to  the  high  rate  tests.  Averages  for  each  group  appear  imme- 
diately below  the  data  for  the  individual  tests.  In  Table  6  the  column 
headings  and  the  code  item  numbers  are  identical  with  those  in  the 
tables  of  Appendix  III. 

16.  Actual  Evaporation  per  Pound  of  Coal. — ^The  number  of 
pounds  of  superheated  steam  produced  for  each  pound  of  coal  in  the 
condition  in  which  it  was  fired  appears  in  Column  33  of  Table  6 ;  and 
the  number  of  pounds  of  steam  produced  by  each  pound  of  dry  coal 
is  given  in  Column  34.  The  averages  of  these  values  for  each  size 
of  coal  are  brought  together  in  Table  7,  where  they  appear  separately 
for  the  medium  rate  and  the  high  rate  tests.  Inspection  of  Table  7 
reveals  the  fact  that  the  relative  standing  of  the  various  sizes  differs 
when  based  on  coal  as  fired  and  when  based  upon  dry  coal ;  and  that 
it  differs  also  between  the  medium  and  the  high  rate  tests.  Comparisons 
between  the  sizes,  however,  should  not  be  made  on  the  basis  of  the 
values  of  evaporation  shown  in  Table  7 ;  because  not  only  is  the  mois- 
ture content  of  the  coal  as  fired  variable;  but  during  the  tests  there 
were  slight  variations  in  feed  water  temperature,  in  boiler  pressure, 
and  in  the  degree  of  superheat,  which  make  it  impracticable  to  com- 
pare values  of  actual  evaporation  in  order  to  determine  the  relative 
standing  of  the  coals.  Further  discussion  of  Table  7  is  omitted  for 
these  reasons;  the  table  is  presented  principally  to  exhibit  the  dif- 
ferences between  evaporation  based  on  coal  as  fired  and  evaporation 
based  on  dry  coal. 

17.  Equivalent  Evaporation  per  Pound  of  Dry  Coal. — ^Because  of 
the  incidental  variations  just  cited  it  became  necessary  to  find  another 
basis  of  comparison.  Since  the  different  sizes  as  they  are  loaded  at 
the  mine  contain  inherently  different  amounts  of  moisture,  there  would 
be  some  justice  in  trying  to  base  comparisons  on  coal  as  loaded  at  the 
mine.  The  significance  of  this  basis  is,  however,  impaired  by  the  fact 
that  the  various  sizes  are  seldom  or  never  fired  in  the  same  condition 
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Table  6 
Test  Conditions  and  Principal  Resxtlts 


1 

2 

S 

4 

6 

6 

7 

8 

9 

10 

U 

12 

Rate 

Tert 

Dur- 
ation 
of 

Miles 

Cut- 
off. 
Per 

Draw- 
bar 

Pressure 
lb.  per  sq.  in. 

Temperatures 
Degrees  F. 

Number 

Test 

Hour 

Cent 

of 
Stroke 

PuU. 
lb. 

Boiler 

Branch 

Front- 

Branch 

Fire- 

in 
Houn 

Gauge 

Pipe 
Gauge 

end 

Pipe 

Box 

Code^^ 
Item*^ 

846 

863 

499 

487 

880 

888 

887 

870 

874 

2400 

3.62 

18.9 

21970 

190.4 

179 

535 

573 

1736 

Medium 

2401 

6.28 

18.9 

84:6 

21727 

190.0 

172 

535 

566 

1835 

2402 

5.20 

19.0 

83.0 

21822 

190.2 

174 

539 

564 

1812 

Mine  Run 

ATenge 

6.03 

18.9 

83.6 

21840 

190.2 

176 

688 

668 

1794 

2405 

2.72 

25.5 

54.3 

28771 

187.8 

168 

627 

628 

2271 

High 

2406 

2.68 

25.6 

53.7 

28718 

187.8 

167 

631 

631 

2334 

2429 

1.92 

25.7 

55.9 

28672 

189.4 

164 

624 

618 

2140 

ATenge 

2.44 

26.6 

64.6 

88720 

188.3 

166 

627 

828 

2248 

2408 

3.77 

19.0 

33.0 

22490 

189.0 

178 

595 

589 

2090 

Medium 

2409 

2.33 

18.9 

82.4 

22411 

188.5 

177 

588 

582 

2034 

2410 

4.33 

19.0 

31.5 

22417 

186.2 

181 

570 

569 

2008 

2426 

4.50 

18.9 

31.7 

22640 

189.9 

182 

555 

572 

1967 

ATenge 

S.78 

19.0 

82.2 

22480 

188.4 

180 

077 

078 

1086 

2'x8'  Nut 

2412 

2.67 

25.8 

. .  * . 

28958 

187.1 

168 

607 

629 

2293 

High 

2413 

3.00 

25.7 

65.7 

29100 

187.1 

168 

611 

632 

2267 

2414 

2.00 

25.7 

69.3 

29128 

187.5 

168 

631 

634 

2174 

ATenge 

2.66 

26.7 

ffr.6 

29062 

187.2 

168 

616 

682 

2248 

2415 

3.50 

18.9 

32.4 

22840 

189.9 

180 

543 

576 

1808 

Medium 

2416 

5.83 

18.9 

33.3 

23115 

189.5 

180 

540 

574 

1801 

2423 

4.00 

18.8 

32.2 

22533 

190.0 

182 

539 

571 

ATenge 

4.44 

18.9 

82.6 

22828 

189.8 

181 

641 

074 

1806 

3'x6'Egg 

2420 

2.00 

25.7 

57.2 

29046 

190.1 

171 

588 

610 

2210 

High 

2422 

2.17 

25.9 

58.2 

29030 

189.7 

170 

634 

590 

2278 

2424 

1.98 

25.8 

56.6 

29104 

190.1 

170 

626 

617 

2183 

AT«nge 

2.06 

26.8 

07.8 

29060 

190.0 

170 

616 

608 

2824 

, 

2417 

4.00 

18.9 

36.3 

23026 

189.9 

180 

546 

578 

1838 

Medium 

2418 

5.83 

19.0 

33.5 

23085 

190.1 

180 

545 

578 

1857 

2419 

3.67 

19.0 

32.7 

22983 

190.0 

180 

553 

578 

1849 

ATenge 

4.60 

19.0 

84.2 

28081 

190.0 

180 

648 

078 

1848 

2*  Lump 

2425 

1.00 

25.7 

66.0 

28530 

190.0 

168 

618 

695 

2178 

High 

2427 

1.50 

25.8 

55.7 

27909 

183.4 

162 

625 

578 

2308 

2428 

1.83 

25.9 

65.1 

28441 

186.8 

166 

635 

603 

2277 

2442 

2.00 

25.5 

56.5 

29266 

188.9 

166 

637 

616 

2192 

AT«nge 

1.66 

26.7 

66.8 

28637 

187.3 

166 

888 

688 

2289 

2430 

2.62 

19.0 

32.6 

22906 

188.6 

181 

549 

583 

2010 

Medium 

2434 

3.13 

18.7 

33.6 

23091 

190.0 

181 

541 

584 

1817 

2435 

0.97 

19.0 

34.9 

23268 

191.1 

182 

549 

578 

1936 

2'Soreen. 
inga 

ATengt 

2.24 

18.9 

83.7 

88068 

189.9 

181 

648 

682 

1981 

2436 

1.35 

25.5 

56.8 

27976 

185.3 

161 

631 

634 

2078 

High 

2437 

1.50 

25.7 

66.9 

28938 

189.1 

162 

634 

637 

2194 

kfWf 

1.48 

26.6 

66.9 

28407 

187.2 

182 

688 

686 

2186 

2431 

1.77 

19.0 

33.9 

22332 

184.5 

178 

561 

589 

2003 

Medium 

2432 

1.87 

19.0 

34.0 

22912 

189.1 

181 

544 

591 

1798 

2433 

3.10 

18.9 

33.2 

22588 

187.7 

180 

543 

572 

1874 

ir  S«rMii- 

ATenge 

2.26 

19.0 

83.7 

22611 

187.1 

180 

648 

684 

1898 

ings 

2440 

1.60 

25.5 

58.2 

29061 

186.6 

163 

634 

604 

2273 

High 

2441 

1.60 

25.6 

55.6 

29392 

191.0 

166 

639 

629 

2234 

ATenge 

1.60 

26.6 

66.9 

29827 

188.8 

166 

687 

617 

8264 
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Table  6  (Continued) 
Test  Conditions  and  Principal  Results 


1 

a 

S 

18 

U    1    16 

16 

17     1    16    1     19 

10 



U 

R*t6 

Test 
Number 

Draft,  in.  of  Water 

De- 

z 

er- 
heat 

Coal  aa  Fired,  lb. 

Dry  Coal.  lb. 

Sns 

Front- 
end 
Front 

1^ 

phregm 

boz 

Ash- 
pan 

Total 

Per 
Hoar 

Per 
Hour 

Grata 
Surfaoe 

Per 
Hour 

Per 
Hour 

Orate 
Surfaea 

Item*^^ 

194 

896 

897 

409 

416 

eio 

887 

Mine  Run 

Medium 
Hich 

2400 
2401 
2402 

2405 
2405 
2429 
ATtrtffe 

io!i 

0.2 
0.2 

li 

0.4 
0.4 
0.4 
0.4 

194 
190 
187 
190 

254 
257 
246 
808 

11399 
20000 

17000 
16188 

20000 
18630 
14000 
176tt 

3151 
3183 

SS 

7361 
0944 
7303 
7108 

45.1 
45.6 
46.8 
46.8 

105.5 

99.5 

104.6 

108.8 

2895 
2934 
3005 
1946 

6753 
6877 

sss? 

41.5 
42.0 
43.1 
48.8 

96.8 
91.4 
95.9 
94.7 

3'zS'Nut 

Medium 
Hi^ 

2408 
2400 
2410 
2426 

2412 
2413 
2414 
A?tfaff« 

0.2 
0.2 
0.2 
0.1 
0.8 

0.5 
0.5 
0.5 
0.6 

210 
204 
189 
192 
199 

855 

258 
260 
868 

12955 
7808 
14731 
16310 
18961 

18683 
20811 
13884 
17798 

3439 
3347 
3400 
3624 
8468 

7005 
6937 
6942 
6961 

8:§ 

48.7 
51.9 
49.6 

100.4 
99.4 
99.5 
99.8 

3146 
3054 
3109 
3848 
8188 

6382 
6313 
6324 
6840 

45.1 
43.8 
44.4 
48.0 
46.1 

91.4 
90.4 
90.6 
90.8 

3'z6'EcK 

Medium 
High 

2415 
2410 
2423 
AT«aff« 

2420 
2422 
2424 
ATtnffe 

0.2 
0.2 
0.2 
0.8 

0.5 
0.5 
0.5 
0.6 

197 
195 
191 
194 

235 
215 
242 
881 

11888 
19915 
13520 
16108 

13882 
14996 
14000 
14898 

3397 
3414 
3380 
8807 

6941 
6920 
7060 
6974 

48.7 
48.9 
48.4 
49.7 

99.4 
99.1 
101.2 
99.9 

3107 
3101 
3079 
8098 

6333 
6316 
6438 
6888 

44.5 
44.4 
44.1 
44.8 

90.7 
90.5 
92.2 
91.1 

2'  Lump 

Medium 
Hich 

2417 
2418 
2419 
AT«nff« 

2425 
2427 
2428 
2442 
AT«nf« 

loio 

0.2 
0.2 
0.2 
0.8 

0.5 
0.4 
0.3 
0.5 
0.4 

199 
199 
199 
199 

221 
207 
230 
243 
886 

13753 
90587 
13344 
16678 

7499 
11775 
14122 
15279 
18169 

3438 
3521 
3689 
8688 

7499 
7850 
7704 

22i2 

7678 

49.3 
50.5 
52.1 
60.6 

107.4 
112.6 
110.4 
109.5 
UO.O 

3118 
3173 
3289 
8198 

6860 
7133 
6992 
0951 

44.7 
45.5 
47.1 
46.6 

98.1 
102.2 
100.2 

99.6 
100.0 

2'Soreen. 
inci 

Medium 
Hich 

2430 
2434 
2435 
ATtcafft 

2436 
2437 
ATcnft 

0.2 
0.2 
0.2 
0.8 

0.4 
0.3 
0.4 

303 
204 
198 
908 

263 
265 
864 

10000 
11950 
3822 
8891 

11556 
13254 
18406 

8821 
3814 
3952 

8560 
8836 

54.7 
54.6 
56.6 
66.8 

128.6 
126.6 
114.6 

3460 
3455 
3507 
,8604 

7771 
8027 
7899 

49.6 
49.5 
61.5 
60.8 

111.3 
115.0 
118.8 

U'Seraen- 
inga 

Medium 
Hi^ 

2431 
2432 
2433 
ATenffe 

2440 
2441 
ATMiffe 

0.2 
0.2 
0.2 
0.8 

0.5 
0.5 
0.6 

210 
211 
193 
806 

232 
256 
844 

7635 

7813 

13218 

9666 

14000 
13760 
18876 

4321 
4186 
4264 
4867 

9333 
9167 
9860 

61.9 
60.0 
61.1 
81.0 

133.7 

3960 
3818 
3899 

8487 
8183 
8886 

56.7 
54.7 
65.9 
66.8 

121.6 
117.2 
119.4 
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Table  6  (Continued) 
Test  Conditions  and  Principal  Results 


1 

2 

8 

22           28 

24    I    20         26 

27 

28 

29 

80 

Rate 

Teet 
Number 

B.t.u.  per 
lb.  of 

Cinder  Loee 

Indi- 
cated 
Horse- 
Power 

Draw- 
bar 
Horse- 
Power 

Sub 

Dry- 
Coal 

Stack 

an- 

dere 

Per 

Hour, 

lb. 

Per 

Cent 

of 
Coal 

aa 
Fired 

Per 

Cent 

of 

Dry 
Coal 

Per 
Cent 

of 
B.t.u. 

in 
Coal 
Fired 

Super- 
heated 
Steam 

iS'p. 

Hour, 

lb. 

Code^^ 
Item*^ 

408 

482 

427 

888 

711 

748 

740 

Mine  Run 

Medium 
High 

2400 
2401 
2402 
ATange 

2405 
2406 
2429 
ATenge 

12983 
13012 
12929 
12976 

12811 
12933 
12888 
12877 

8399 
8563 
8570 
80U 

11081 
11030 
10921 
11011 

99 
94 
102 
98 

709 
588 
651 
649 

3.2 
3.0 
3.1 
8.1 

9.6 
8.5 
8.9 
9.0 

3.4 
3.2 
3.4 
8.8 

10.6 
9.2 
9.7 
9.8 

2.2 
2.1 
2.2 
2.2 

9.1 
7.9 
8.2 
8.4 

'i224!5 
1223.6 
1224.1 

2157.7 
2161.5 
2191.0 
2166.7 

1108.6 
1095.2 
1104.6 
1102.8 

1954.4 
1963.8 
1965.2 
1981.1 

is!  is 

18.74 
18.46 

19.63 
19.40 
19.65 
19.06 

2'x3'Nut 

Medium 
High 

2408 
2409 
2410 
2426 
ATenge 

2412 
2413 
2414 
ATmg« 

13118 
13102 
13023 
12983 
18007 

13081 
13176 
13090 
18U6 

8023 
7585 
8231 
8458 
8074 

10728 
10822 
10634 
10728 

63 
72 
72 
107 
79 

413 
397 
390 
400 

1.8 
2.2 
2.1 
3.0 
2.8 

5.9 
5.7 
6.6 
0.7 

2.0 
2.4 
2.3 
3.2 
2.0 

6.6 
6.3 
6.2 
6.8 

1.2 
1.4 
1.5 
2.1 
1.8 

5.3 
5.2 
5.0 
0.2 

1293.6 
1286.5 
1280.9 
1313.7 
1298.7 

■2266!3 
2221.8 
22U.1 

1138.4 
1129.7 
1133.5 
1139.9 
1180.4 

1988.7 
1993.0 
1994.9 
1992.2 

17.93 
17.98 
17.93 
18.72 
18.14 

'i9!34 
19.00 
19.17 

3'x6'E«g 

Medium 
High 

2415 
2416 
2423 
ATcnge 

2420 
2422 
2424 
Avenge 

13273 
13122 
13282 
18226 

13198 
13346 
13214 
18202 

7987 
7999 
8329 
8100 

10771 
11234 
10584 
10868 

78 
76 
70 
70 

500 
468 
538 
002 

2.3 
2.2 
2.1 
2.2 

7.2 
6.8 
7.6 
7.2 

2.5 
2.5 
2.3 
2.4 

7.9 
7.4 
8.4 
7.9 

1.6 
1.6 
1.4 
1.0 

6.6 
6.2 
6.7 
6.0 

1313.7 
1324.3 
1291.1 
1809.7 

2188.7 
2214.3 
2220.0 
2207.7 

1150.1 
1167.6 
1131.0 
1149.6 

1991.6 
2001.4 
2003.4 
1998.8 

18.01 
17.86 
18.41 
18.09 

19.83 
19.40 
19.63 
19.62 

2'  Lump 

Medium 
High 

2417 
2418 
2419 
Avenge 

2425 
2427 
2428 
2442 
Avenge 

13043 
13086 
12836 
12988 

13205 
12958 
13061 
12974 
18000 

7713 
7574 
7106 
7464 

10917 
10849 
10829 
10415 
10708 

71 
68 
85 
70 

545 
602 
523 
595 
066 

2.1 
1.9 
2.3 
2.1 

7.3 
7.7 
6.8 
7.8 
7.4 

2.3 
2.1 
2.6 
2.3 

8.0 
8.4 
7.5 
8.6 
8.4 

1.4 
1.2 
1.4 
1.8 

6.6 
7.1 
6.2 
6.9 
6.7 

1323.2 
1329.6 
1321.0 
1824.6 

2201.4 
2169.7 
2200.5 
2198.5 
2192.6 

1160.7 
1168.6 
1162.2 
U68.8 

1957.8 
1919.6 
1963.8 
1989.6 
1907.7 

17.92 
17.73 
18.31 
17.99 

19.61 
19.68 
19.95 
20.24 
19.87 

2*  Screen- 
ings 

Medium 
High 

2430 
2434 
2435 
Avenge 

2436 
2437 
Avenge 

12748 
12782 
12710 
12747 

12769 
12625 
12897 

9407 
9569 
9113 
9368 

10611 
11018 
10810 

315 
338 
372 
842 

1127 
1316 
1222 

8.3 
8.9 
9.4 
8.9 

13.2 
14.9 
14.1 

9.1 
9.8 
10.4 
9.8 

14.6 
16.4 
10.0 

6.7 
7.3 
7.4 
7.1 

12.1 
14.3 
18.2 

1304.9 
1314.5 
1365.2 
1828.2 

2126.3 
2243.5 
2184.9 

1160.7 
1152.2 
1179.1 
1164.0 

1905.6 
1980.4 
1948.0 

18.02 
18.00 
18.25 
18.09 

19.86 
19.33 
19.60 

IJ*  Screen- 

jngi^ 

Medium 
High 

2431 
2432 
2433 
Avenge 

2440 
2441 
Avenge 

12929 
12650 
12793 
12791 

12692 
12492 
12692 

10505 
10157 
10784 
10482 

10870 
11203 
11037 

579 
551 
461 
080 

1513 
1457 
1480 

13.4 
13.2 
10.8 
12.0 

16.2 
15.9 
16.1 

14.6 
14.4 
11.8 
18.6 

17.8 
17.8 
178 

11.9 
11.6 
10.0 
11.2 

15.3 
16.0 
10.7 

1329.9 
1343.1 
1310  2 
1827.7 

2215.6 
2231.6 
2228.6 

1133.4 
1161.6 
1141.0 
1140.3 

1977.2 
2006.7 
1992.0 

18.32 
18.22 
18.71 
18.42 

19.29 
19.48 
19.39 

Digitized  by  VjOOQIC     | 


40 


ILLINOIS  ENGINEERING  EXPEEIMENT  STATION 


Table  6  (Concluded) 
Test  Conditions  and  Principal  Results 


1 

a 

3 

SI 

82     1    88 

84 

86 

86 

87 

88 

80 

Superheated  Steam,  lb. 

Equivalent  Evap- 
oration, lb. 

B.t.u. 
Ab- 
sorbed 

Bo^er 

per 

Pound 

of 

Dry 
Co^ 

Per 

Per 

Boiler 

Sixa 

Rate 

Test 
Number 

Per 

Sq.Ft. 

of 
Heat- 

Per 

Pound 

of 

Per 

Pound 

of 

Dry 
Co^ 

Per 

Sq.Ft. 
Heat- 
ing 

Per 

Pound 

of 

Dry 
CoiJ 

Efll- 

oeney 

Per 

Hour 

ing 
Sur- 
face 

^ur 

Coal 

as 
Fired 

Hour 

sSJ- 

face 
Hour 

Cent 

Code^;^. 

646 

648 

668 

666 

2400 

22566 

4.84 

7.16 

7.79 

29764 

6.39 

10.28 

9989 

76.89 

Medium 

2401 

22328 

4.79 

7.01 

7.61 

29451 

6.32 

10.04 

9756 

74.95 

2402 

22970 

4.93 

7.02 

7.64 

30183 

6.48 

10.04 

9756 

75.46 

Mine  Run 

ATerage 

22821 

4.86 

7.06 

7.68 

29799 

6.40 

10.12 

9684 

76.77 

2405 

42176 

9.05 

6.73 

6.24 

57022 

12.24 

8.44 

8201 

64.08 

High 

2406 

41946 

9.00 

6.04 

6.58 

56795 

12.19 

8.91 

8658 

66.93 

2429 

42854 

9.20 

5.87 

6.41 

57767 

12.40 

8.64 

8395 

65.10 

ATerac« 

42826 

9.06 

6.88 

6.41 

67196 

12.28 

8.66 

8418 

66.87 

2408 

23327 

6.00 

6.78 

7.42 

31048 

6.66 

9.87 

9591 

73.11 

Medium 

2409 

23254 

4.99 

6.95 

7.61 

30881 

6.63 

10.11 

9824 

75.02 

2410 

23059 

4.95 

6.78 

7.43 

30461 

6.54 

9.82 

9542 

73.05 

2426 

24808 

5.33 

6.85 

7.41 

32796 

7.04 

9.80 

9523 

73.33 

2'x  3*  Nut 

ATerage 

28612 

6.07 

6.84 

7.47 

81297 

6.72 

9.90 

0620 

78.68 

2412 

42964 

9.22 

6.13 

6.73 

58130 

12.47 

9.11 

8852 

67.67 

High 

2413 

42720 

9.17 

6.16 

6.77 

57929 

12.43 

9.18 

8920 

67.67 

2414 

42209 

9.06 

6.08 

6.67 

57236 

12.28 

9.05 

8794 

67.15 

ATcnge 

42681 

9.16 

6.12 

6.72 

67766 

12.89 

9.11 

8866 

67.60 

2415 

23944 

5.14 

7.05 

7.71 

31678 

6.80 

10.20 

9911 

74.66 

Medium 

2416 

23788 

5.11 

6.97 

7.67 

31448 

6.75 

10.14 

9853 

75.09 

2423 

23970 

5.14 

7.09 

7.78 

31665 

6.79 

10.28 

9989 

75.25 

3'x6'Egg 

ATerage 

28001 

6.18 

7.04 

7.72 

81687 

6.78 

10.21 

9918 

76.00 

2420 

43219 

9.28 

6.22 

6.82 

58043 

12.46 

9.16 

8901 

67.46 

High 

2422 

42881 

9.20 

6.20 

6.79 

57160 

12.27 

9.05 

8794 

65.92 

2424 

43302 

9.29 

6.13 

6.73 

58328 

12.52 

^.06 

8804 

66.61 

ATerage 

48184 

9.26 

6.18 

6.78 

67844 

12.42 

9.09 

8888 

66.66 

2417 

23906 

5.13 

6.96 

7.67 

31652 

6.79 

10.15 

9863 

75.68 

Medium 

2418 

23778 

5.10 

6.75 

7.49 

31458 

6.75 

9.91 

9630 

73.57 

2419 

24340 

5.23 

6.69 

7.40 

32227 

6.92 

9.80 

9523 

74.21 

2'  Lump 

ATerage 

24008 

6.16 

6.80 

7.62 

81779 

6.82 

9.96 

9672 

74.4» 

2425 

42889 

9.21 

5.72 

6.26 

57214 

12.28 

8.35 

8114 

61.47 

High 

2427 

42254 

9.07 

5.38 

5.92 

56071 

12.03 

7.86 

7638 

58.92 

2428 

44136 

9.47 

5.73 

6.31 

58403 

12.53 

8.35 

8114 

62.14 

2442 

44910 

9.64 

5.88 

6.46 

60539 

12.99 

8.71 

8464 

65.19 

ATerage 

48647 

9.86 

6.68 

6.24 

68067 

12.46 

8.82 

8068 

61.08 

2430 

24122 

5.18 

6.31 

6.97 

32010 

6.87 

9.25 

8988 

70.55 

Medium 

2434 

24014 

5.15 

6.30 

6.95 

31914 

6.85 

9.24 

8979 

70.24 

2436 

25147 

5.40 

6.36 

6.99 

33270 

7.14 

9.25 

8988 

70.75 

2' Screen- 
ings 

ATerage 

24427 

6.24 

6.82 

6.97 

82898 

6.96 

9.26 

8086 

70.61 

2436 

42287 

9.07 

4.94 

5.45 

57468 

12.33 

7.40 

7191 

66.25 

High 

2437 

43981 

9.44 

4.98 

5.48 

59814 

12.84 

7.45 

7239 

57.35 

ATerage 

48184 

9.26 

4.96 

6.47 

68641 

12.89 

7.48 

7216 

66.8D 

2431 

24907 

5.34 

5.76 

6.29 

33102 

7.10 

8.36 

8123 

62.81 

Medium 

2432 

24714 

5.30 

5.90 

6.47 

32870 

7.05 

8.61 

8366 

66.08 

2433 

24933 

5.35 

5.85 

6.39 

32961 

7.07 

8.45 

8211 

64.21 

li'  Screen- 

ATerage 

24861 

6.88 

6.84 

6.88 

82978 

7.07 

8.47 

8288 

64.87 

ings 

2440 

43186 

9.27 

4.63 

5.09 

57956 

12.44 

6.83 

6637 

52.28 

High 

2441 

43941 

9.43 

4.80 

5.37 

59540 

12.78 

7.28 

7074 

56.64 

ATerage 

48664 

9.86 

4.72 

6.28 

68748 

12.61 

7.06 

6866 

64.46 
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(as  regards  moisture)  in  which  they  were  loaded,  nor  were  they  in 
the  same  condition  in  this  instance;  and  furthermore  the  necessary 
mine  samples  were  available  for  only  three  of  the  six  sizes  tested. 
Final  comparisons  were  consequently  drawn  only  on  the  usual  basis 
of  dry  coal.  The  use  of  the  customary  **  equivalent  evaporation  from 
and  at  212  degrees''  eliminates  the  eflfect  of  the  remaining  variations 
in  test  conditions ;  and  the  final  comparison  of  the  grades  was  there- 
fore made^  by  the  use  of  the  values  of  this  equivalent  evaporation  per 
pound  of  dry  coal. 

Table  7 

The  Actual  Evaporation  per  Pound  op  Coal  as  Fired  and  Also 
Per  Pound  of  Dry  Coal 


Actual  Evaporation  per  lb.  of  Coal 
as  Fired— lb. 

Actual  Evaporation  per  lb.  of  Dry 
^oal— IfiT 

Size  or  Coal 

At  the  Medium 

Rate  of 

Evaporation 

At  the  High 

Rate  of 
Evaporation 

At  the  Medium 

Rate  of 

Evaporation 

At  the  High 

Rate  of 
Evaporation 

1 

2 

3 

4 

6 

Mine  Run 

7.06 
6.84 
7.04 
6.80 
6.32 
5.84 

5.88 
6.12 
6.18 
5.68 
4.96 
4.72 

7.68 
7.47 
7.72 
7.52 
6.97 
6.38 

6.41 

2'xZ'  Nut 

6.72 

3'x6'E8g 

6.78 

2'  Lump 

6.24 

2*  8<?Tfleningff 

6.47 

IH' Screenings 

5.23 

These  values  of  equivalent  evaporation  per  pound  of  dry  coal  are 
given  for  each  test  in  Column  37  of  Table  6.  Inspection  of  these  figures 
discloses  great  uniformity  among  the  values  applying  to  each  size  and 
each  rate.  Only  in  the  case  of  the  high  rate  tests  with  the  2-inch 
lump  coal  is  there  any  considerable  variation  between  the  equivalent 
evaporation  values  for  the  individual  tests;  and  even  in  this  group 
the  maximum  variation  from  the  average  is  only  5^4  per  cent.  In 
view  of  this  uniformity  we  are  entirely  warranted  in  using  the  average 
values  for  the  various  groups  and  in  basing  conclusions  upon  them. 
These  averages  of  equivalent  evaporation  per  pound  of  dry  coal  are 
therefore  assembled  in  Table  8  together  with  the  averages  of  the  rate 
of  evaporation  per  square  foot  of  heating  surface  per  hour  taken  from 
Column  36  of  Table  6.  Table  8  embodies  consequently  the  final  direct 
results  of  the  tests. 

In  Table  8  the  coals  are  arranged  in  the  order  of  the  evaporation  at 
the  medium  rate  as  given  there  in  Column  2.  The  egg  coal  heads  the 
list  with  an  equivalent  evaporation  of  10.21  pounds  per  pound  of  dry 
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Table  8 

The  Equivalent  Evaporation  per  Pound  op  Dry  Coal  for  Both 
THE  Medium  and  the  High  Rate  Tests 


For  the  Medium  Rate  Teete 

For  the  High  Rata  Teste 

SisB  or  Coal 

Equivalent 

Evaporation 

per  lb.  of 

Dry  Coal 

lb. 

Equivalent 

Evaporation 

per  Hour  per 

■q.  ft.  of 

HeatuQJt  Surface 

Equivalent 

Evaporation 

per  lb.  of 

DiyCoal 

Equivalent 

Evaporation 

per  Hour  per 

■q.  ft.  of 

matuagSurface 

1 

2 

3 

4 

6 

3'  X  6'  Egg 

10.21 
10.12 
9.95 
9.90 
9.25 
8.47 

6.78 
6.40 
6.82 
6.72 
6.95 
7.07 

9.09 
8.66 
8.32 
9.11 
7.43 
7.06 

12.42 

Mine  Run 

12.28 

2'  Lump  . . . .  r  ,  ■ 

12.46 

2' X  3' Nut 

12.39 

2'  Screcninm* 

1^' Screenings 

12.59 
12.61 

coal  followed  by  the  other  grades  in  the  order  in  which  they  appear  in 
the  table.  For  the  high  rate  tests  the  nut  coal  gave  the  best  perfor- 
mance,  namely  an  equivalent  evaporation  of  9.11  pounds  per  pound 
of  dry  coal,  while  the  other  sizes  stand  in  the  order  in  which  they 
are  cited  in  the  table.  These  relations  stand  out  more  clearly  in  Fig  16 
which  has  been  prepared  by  plotting  values  of  equivalent  evaporation 
and  rate  of  evaporation  given  in  Table  8.  In  Fig.  16  the  vertical  dis- 
tances represent  equivalent  evaporation  per  pound  of  dry  coal,  where- 
as the  horizontal  distances  represent  the  pounds  of  equivalent  evapo- 
ration per  hour  on  each  square  foot  of  heating  surface.  For  the 
3-inch  by  6-inch  egg  coal  these  quantities  are,  for  the  medium  rate 
tests  10.21  pounds  and  6.78  pounds,  respectively;  and  for  the  high 
rate  tests  9.09  pounds  and  12.42  pounds,  respectively  (see  Table  8). 
These  pairs  of  values  are  plotted  in  Fig.  16  where  they  appear  as  the 
two  points  which  define  the*  line  marked  3-inch  by  6-inch  Egg.  These 
points  are  connected  by  a  straight  line,  which  implies  the  assumption 
that  the  equivalent  evaporation  varies  regularly  and  directly  with  the 
rate  of  evaporation.  While  there  are,  in  this  series,  no  tests  at  inter- 
mediate rates  to  support  this  assumption,  it  is  amply  warranted  by 
the  results  of  numerous  other  locomotive  boiler  tests.  The  other  lines 
in  Fig.  16  are  similarly  plotted  from  values  given  in  Table  8,  and 
they  define  the  performance  of  the  other  five  sizes. 

Inspection  of  Fig.  16  reveals,  as  usual,  for  all  grades  a  sharp  de- 
crease in  evaporation  as  the  rate  of  evaporation  increases.    The  rate 
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of  this  decrease  is  nearly  alike  for  all  sizes  except  the  i 
3-inch  nut  for  which  it  is  roughly  one-half  of  that  for  the  o1 
This  change  in  evaporation  with  rate  of  evaporation  makes  it 
to  reduce  the  values  of  evaporation  to  a  common  rate  before 
final  comparisons  between  the  various  grades.  To  eflfect  this 
the  rates  of  evaporation  for  all  the  medium  rate  tests  show 
umn  3  of  Table  8  have  been  averaged  and  this  average — 6.7 
per  square  foot  of  heating  surface  per  hour — has  been  re 
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Fig.  16.    The  Belation  Between  Equivalent  Evaporation  Per  Pou 
Coal  and  the  Bate  op  Evaporation,  for  Each  Size  of  Coal  Ti 

by  the  vertical  line  AA  in  Fig.  16.  Similarly  the  average  hi 
12.46  pounds  per  square  foot  of  heating  surface  per  hour- 
from  Column  5  of  Table  8  and  is  dcffined  by  the  line  B. 
figure.  If  now  in  Fig.  16  we  measure  off  the  vertical  distanc 
at  the  points  where  this  line  is  intersected  by  the  performs 
for  the  various  sizes,  we  obtain  six  values  of  equivalent  ev 


Digitized  by 


Google 


44 


ILLINOIS  ENGINEERING  EXPERIMENT  STATION 


per  pound  of  dry  coal,  one  for  each  size,  and  all  pertaining  to 
the  common  medium  rate  of  evaporation  defined  by  the  line  AA, 
namely,  6.79  pounds  per  square  foot  of  heating  surface  per  hour. 
These  values  are  shown  in  Column  2  of  Table  9  and  since  they  pertain 
to  the  same  rate  of  evaporation  they  are  rigidly  comparable.  In  like 
manner  the  evaporation  values  defined  by  the  intersections  with  the 
line  BB  are  given  in  Column  4  of  Table  9,  and  pertain  to  the  com- 
mon high  rate — 12.46  pounds  per  square  foot  of  heating  surface  per 
hour. 

Table  9 

The  Relative  Standing  of  the  Various  Sizes,  Based  on  Corrected  Values 

OF  THE  Equivalent  Evaporation  per  Pound  of  Dry  Coal 

(This  table  gives  the  valuM  of  equivalent  evaporation  per  pound  of  dry  coal,  corrected  for  a 

common  medium  rate  of  evaporation  of  6.79  pounds  per  square  foot  of  heating  surface 

per  hour,  and  for  a  common  high  rate  ox  evaporation  of  12.46 

pounds  per  square  foot  of  heating  surface  per  hour) 


For  the  Common  Medium  Rate  of 

Evaporation— 6.79  lb.  per  sq.  ft.  of 

Heating  Surface  per  Hour 

For  the  Common  Of  h  Rate  of 

Evaporation— 12.46  lb.  per  sq.  ft.  of 

Heating  Surface  per  Hour 

Grade  or  Coal 

Equivalent 

Evaporation 

per  lb.  of 

Dry  Coal 

Relative  Values, 
Based  on 
Mine  Run 

Equivalent 

Evaporation 

per  lb.  of 

Dry  Coal 

lb. 

Relative  Values, 
Based  on 
Mine  Run 

1 

2 

3 

4 

6 

3*  X  6*  Egg 

10.21 
10.02 
9.96 
9.89 
9.30 
8.54 

1.02 
1.00 
0.99 
0.98 
0.93 
0.85 

9.08 
8.62 
8.32 
9.10 
7.47 
7.10 

1.05 

Mine  Run 

1.00 

2'  Lump 

0.97 

2'x3'  Nut 

1.06 

2'  Screenings 

0.87 

IH'  Screemngs 

0.82 

Table  9  presents  therefore  average  values  of  equivalent  evaporation 
per  pound  of  dry  coal  for  each  of  the  sizes  of  coal — ^first  for  a  common 
medium  rate  of  evaporation  in  Column  2,  and  next  for  a  common 
high  rate  of  evaporation  in  Column  4.  These  are  the  final  results  of 
the  tests,  and  they  may  be  compared  to  determine  the  relative  value 
of  the  various  sizes.  Such  a  comparison  of  the  values  in  Column  2 
shows  that  when  the  boiler  was  worked  at  the  medium  rate  the  3-inch 
by  6-inch  egg  coal  gave  the  highest  evaporation,  with  the  other  sizes 
following  in  the  order  in  which  they  appear  in  the  table;  whereas 
at  the  high  rate  the  2-inch  by  3-inch  nut  coal  gave  the  highest  evapo- 
ration followed  by  the  egg,  mine  run,  lump,  2-inch  screenings,  and 
114-iiich  screenings  in  the  order  named.    Further  comparison  is  more 
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conveniently  made  upon  a  percentage  basis,  for  which  purpose  the 
performance  of  the  mine  run  is  taken  as  unity  or  100  per  cent,  and  the 
other  sizes  are  represented  in  Columns  3  and  5  of  Table  9  by  numbers 
which  define  the  relation  of  their  performance  to  that  of  the  mine  run. 
At  the  medium  rate  the  four  larger  grades  gave  nearly  the  same 
performance,  the  maximum  difference  among  them  being  but  4  per 
cent.  The  steam  production  per  pound  of  egg  coal  was  2  per  cent 
greater  than  with  the  mine  run,  while  with  the  lump  and  the  nut  it 
was  respectively  1  per  cent  and  2  per  cent  less  than  with  mine  run. 
The  performance  with  2-inch  screenings  was  7  per  cent  less  and  with 
1^-inch  screenings  15  per  cent  less  than  with  mine  run.  If  we  assume 
that  mine  run  coal  on  the  tender  was  worth  $2.00  per  ton,  the  relative 
worth  on  the  tender  of  the  other  sizes  during  the  medium  rate  tests 
was: 

3-mch z 6-iiich  Egg  .  .  $2.04  2-inch  Screenings  .  .  .  $1.86 
2-inch  Lump  ....  1.98  1%-inch  Screenings  .  .  1.70 
2-inch  X  3-inch  Nut      .      .       1.96 

At  the  high  rate  the  2-inch  by  3-inch  nut  coal  gave  the  best  per- 
formance, producing  6  per  cent  more  steam  than  the  mine  run;  the 
3-inch  by  6-inch  egg  came  next  with  an  evaporation  5  per  cent  more 
than  that  of  the  mine  run;  while  the  2-inch  lump  evaporated  3  per 
cent  less.  At  this  rate  of  evaporation  the  2-inch  screenings  and  the 
1^-inch  screenings  produced  per  pound  respectively  13  per  cent  and 
18  per  cent  less  steam  than  the  mine  run.  If  we  again  assume  that 
mine  run  was  worth  on  the  tender  $2.00  per  ton,  the  relative  worth 
of  the  other  sizes  during  the  high  rate  tests  was  as  follows : 

2-inch z 3-inch  Nut  .  .  $2.12  2-inch  Screenings  .  .  .  $1.74 
3-inch z 6-inch  Egg  .  .  2.10  1%-inch  Screenings  .  .  1.64 
2-inch  Lump       ....       1.94 

The  facts  presented  in  Table  9  and  in  the  foregoing  discussion  are 
graphically  presented  in  Figs.  17  and  18.  Fig.  17  shows  the  relative 
steam  producing  capacity  or  the  relative  values  of  the  six  different 
sizes  of  fuel  when  used  at  the  medium  rate  of  evaporation;  and 
Fig.  18  presents  these  relations  for  the  high  rate  of  evaporation.  These 
two  figures  and  Table  9  embody  the  final  and  principal  results  of  the 
whole  test  series. 

While  the  differences  in  performance  of  the  sizes  is  due  in  some 
measure  to  inherent  variations  in  heating  value  and  in  ash  content, 
these  variations  are  too  small  to  account  fully  for  the  difference  in 
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performance,  nor  is  an  explanation  on  these  grounds  applicable  to 
all  of  the  sizes.  The  difference  in  performance  appears  to  be  due 
chiefly  to  the  variations  in  cinder  loss  and  in  the  conditions  of  com- 
bustion which  it  was  possible  to  maintain  with  the  different  sizes^ 
This  conclusion  is  supported  by  the  discussion  of  cinder  losses  and  of 
the  heat  distribution  which  follows  in  the  next  two  sections. 

18.  Cinder  Losses, — ^Information  relative  to  the  losses  due  to  cin- 
ders passing  out  through  the  stack  is  given  in  Fig.  19.  In  considering 
the  cinder  losses  as  here  presented  it  should  be  borne  in  mind  that 
all  of  the  coal  tested  was  of  one  kind,  that  is,  it  came  from  one  mine. 
Coals  possessing  other  physical  characteristics  might  show  somewhat 
different  results  as  to  cinder  losses  under  the  conditions  of  the  tests 
here  considered.  It  should  also  be  remembered  that  for  a  given  rate, 
medium  or  high,  the  draft  was,  for  all  grades  of  coal,  practically  con- 
stant as  shown  in  Pig.  15. 

Pig.  19  shows  the  amount  of  the  stack  losses  when  the  weight  of 
the  cinders  collected  from  the  stack  is  expressed  as  a  percentage  of  the 
weight  of  the  dry  coal  fired,  and  also  the  amount  of  such  loss  when 
the  heat  content  of  the  cinders  collected  from  the  stack  is  expressed 
as  a  percentage  of  the  British  thermal  units  in  the  coal  fired.  The 
loss  when  expressed  as  per  cent  of  B.  t.  u.  is  numerically  less  than  when 
expressed  as  per  cent  of  weight  of  dry  coal,  due  to  the  fact  that  the 
cinders  do  not  have  so  high  a  heat  value  per  pound  as  the  coal  from 
which  they  originate.  Also,  due  to  the  fact  that  cinders  produced  at 
high  rates  of  combustion  have  higher  heating  values  than  cinders  pro- 
duced at  low  rates  of  combustion,  the  differences  between  percentages 
for  medium  rate  and  high  rate  tests  are  greater  when  expressed  in 
terms  of  heat  units  than  wken  expressed  in  terms  of  dry  coal.  The 
average  heating  value  of  the  stack  cinders  for  all  medium  rate  tests 
was  8635  B.  t.  u.  and  the  average  value  for  all  high  rate  tests  was 
10854  B.  t.  u.  Column  23,  Table  6,  shows  the  heating  value  of  stack 
cinders  for  each  test  and  the  average  values  for  each  of  the  twelve 
groups  of  tests.  The  heating  values  of  the  cinders  from  the  medium 
rate  tests  with  screenings  were  higher  than  corresponding  values  from 
other  grades  of  coal. 

In  Pig.  19  it  will  be  seen  that,  during  the  medium  rate  tests,  from 
2.3  to  13.6  pounds  of  cinders  were  collected  from  the  stack  for  each 
100  pounds  of  dry  coal  fired ;  while  for  the  high  rate  tests  from  6.3 
to  17.8  pounds  were  collected  for  each  100  pounds  of  coal.     The 
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screened  coals  in  all  cases  produced  fewer  cinders  than  the  mine  run 
coal;  and  the  screenings  produced  a  materially  greater  quantity  of 
cinders  than  any  of  the  larger  sizes. 

When  the  losses  are  expressed  as  B.  t.  u.  percentages,  Fig.  19  shows 
that  for  the  medium  rate  tests  the  loss  on  account  of  stack  cinders 
was  smallest  in  the  case  of  the  lump  coal,  amounting  to  1.3  per  cent 
of  the  heat  content  of  the  coal  fired.  The  corresponding  losses  for  the 
egg,  nut  and  mine  run  coals  were  1.5,  1.6,  and  2.2  per  cent,  respec- 
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FINE  MATERIAL  PASSED  THROUGH  i"  ROUND  HOLE  SCREEN-  PERCENT  COAL  AS  REC  D 


FlO.  20. 


The  Relation  between  Cinder  Loss  and  the  Per  Gent  of 
Fine  Material  in  the  Coal 


tively.  The  loss,  during  medium  rate  tests,  for  the  2-inch  screenings 
was  7.1  per  cent  and  for  the  1^-inch  screenings,  11.2  per  cent.  The 
average  loss  from  the  screenings  was  roughly  five  times  as  great  as 
the  average  loss  from  the  larger  coals  during  the  medium  rate  tests. 
For  the  high  rate  tests  the  smallest  heat  loss  due  to  stack  cinders 
occurred  with  the  nut  coal.  The  average  losses  for  nut,  egg,  lump 
and  mine  run  are  5.2,  6.5,  6.7,  and  8.4  per  cent,  respectively.     The 
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corresponding  loss  for  the  2-inch  screenings  was  13.2  per  cent  and  for 
the  114-i^ich  screenings  15.7  per  cent.  The  average  loss  from  the 
screenings  during  the  high  rate  tests  was  more  than  twice  as  great 
as  the  average  loss  from  the  larger  coals. 

The  figures  and  dsts^  indicate  that  with  very  fine  coals  such  as 
screenings  the  cinder  loss  is  large  even  at  medium  rates  of  combustion 
iemd  with  comparatively,  low  front-end  draft;  but  that  under  these 
conditions  the  cinder  loss  is  not  serious  for  the  larger  coals  even  when 
they  contain  a  considerable  amount  of  fine  material  as  in  mine  run 
coal.  For  conditions  involving  high  rates  of  combustion  and  strong 
drafts,  however,  the  stack  cinder  loss  is  a  serious  one  for  all  sizes 
of  coal. 

Pig.  20  shows  the  relation  existing  between  the  loss  due  to  stack 
cinders  and  the  amount  of  14-iiicli  or  smaller  material  in  the  coal  as 
received.  The  data  presented  in  Fig.  20  are  also  shown  in  Table  10. 
The  curves  in  addition  to  showing  the  relative  magnitude  of  the 
cinder  losses  for  the  two  rates  of  operation,  show  that  the  cinder  losses 
increased  quite  uniformly  with  the  increase  of  fine  material  in  the 
coal.  At  the  medium  rate  about  1  per  cent  of  the  coal  would  appa- 
rently be  lost  as  cinders  if  there  were  no  ^-inch  fine  material  at  all 
in  the  coal;  while  at  the  higher  rate  and  without  such  material,  the 
loss  would  be  about  5.5  per  cent.  The  curve  for  the  high  rate  tests 
shows  an  increase  in  the  cinder  loss  of  very  nearly  one  per  cent  for 
each  increase  of  3.7  per  cent  in  the  amount  of  i4-ii^ch  material  in 
the  coal.  The  light  straight  lines  in  Fig.  20  show,  for  both  rates,  a 
uniform  increase  of  one  per  cent  in  cinder  loss  for  each  3.7  per  cent 
increase  in  the  14-inch  material  in  the  coal.  The  straight  line  repre- 
sents the  plotted  points  of  the  high  rate  tests  closely  but  does  not 
represent  so  well  the  points  plotted  for  the  medium  rate  tests.  For  the 
purposes  of  further  discussion,  however,  the  straight  lines  have  been 
accepted  as  defining  with  sufficient  accuracy  the  relations  for  both 
rates. 

For  conditions  similar  to  those  of  the  high  rate  tests,  therefore,  the 
percentage  loss  of  fuel  due  to  stack  cinders  may  be  expected  to  be 
approximately  5.5  plus  the  per  cent  of  ^-inch  material  in  the  coal 
divided  by  3.7.    Expressed  as  a  formula  this  becomes 

C  =  5.5+  (Fh-3.7), 
where  C  is  the  fuel  loss  on  account  of  stack  cinders  expressed  as  per 
cent  of  B.  t.  u.  in  the  coal,  and  P  is  the  per  cent  of  original  coal  passing 
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Table  10 
Per  Cent  of  Fine  Material  in  Coal,  and  Losses  Due  to  Stack  Cinders 


Per  Cent  of  Fine  Material  in 
Coal  as  Received. 
Passing  Through 

Rate 

Loss  Due  to  Stack  Cinders 

Per 
Cent 

of 

B.t.u. 

in  Coal 

Fired 

Wt.  of  Cinders 
in  Per  Cent  of 

Sub 

H' 
Round 
Hole 
Screen 

Round 
Hole 
Screen 

1* 

Round 

Hole 

Screen 

Coal 
as  Fired 

Dry 
Co^ 

1 

2 

3 

4 

5 

6 

7 

8 

2'  Lump 

1.72 

1.87 

2.28 

12.60 

26.88 

37.59 

2.62 

2.93 

3.40 

19.94 

41.09 

57.62 

4.53 

6.77 

6.40 

31.30. 

66.82 

95.56 

(MiHJJuoi 

1  TTitvK 

1.3 

6.7 

1.6 

5.2 

1.5 

6.5 

2.2 

8.4 

7.1 

13.2 

11.2 

15.7 

2.1 

7.4 

2.3 

5.7 

2.2 

7.2 

3.1 

9.0 

8.9 

14.1 

12.5 

16.1 

2.3 

8.4 
2.5 
6  3 

2''x3'Nut 

( M<.-dium 

\ffiKli     ..: 

3'x6'E«g 

Mine  Run 

(Medium 

iB^h   

( M'/dium 

Iffitti     

2.4 
7.9 
3.3 
9  8 

2'  Screenings 

IH' Screenings  ... 

(  Medium 

ta^ih 

(Medium 

iHi^h   

9.8 
15.5 
13.6 
17.8 

through  a  i/4-incli  round  hole  screen.    The  expression  for  conditions 
similar  to  those  of  the  medium  rate  tests  is : 

The  per  cent  of  coal  passing  through  a  ^-inch  round  hole  screen 
has  been  used  in  the  foregoing  analysis  since  that  was  the  smallest 
screen  used  in  testing  the  coal  for  size.  Similar  analyses  making  use 
of  the  per  cent  of  coal  passing  through  a  i^-inch  or  1-inch  screen  show 
similar  relations  and  result  in  similar  formulas,  with  only  a  change  in 
the  value  of  the  divisor.  When  F  is  the  per  cent  of  coal  passing 
through  a  %-inch  round-hole  screen,  these  formulas  become : 

C  =  5.5  -f-  (Fh-  5.7),  for  the  high  rate  conditions, 

C  =  F  -f-  5.7,  for  the  medium  rate  conditions ;  and  when  F  is 

the  per  cent  of  coal  passing  through  a  1-inch  round-hole 

screen,  the  corresponding  formulas  are: 
C  =  5.5  +  {F-r-  9.3),  for  the  high  rate  conditions, 
C  ^=F  -T-  9.3,  for  the  medium  rate  coiiditions. 

It  should  be  remembered  that  kind  of  coal,  intensity  of  draft, 
firebox  and  front  end  arrangement  and  probably  other  factors  may 
materially  affect  the  relations  existing  between  cinder  losses  and  the 
amount  of  fine  material  in  coal,  and  that  in  the  tests  under  consider- 
ation these  variables  have  a  very  limited  range.    The  results,  therefore. 
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if  applied  to  conditions  other  than  those  from  which  they  were  derived 
should  be  used  with  caution  and  with  an  understanding  of  their  limita- 
tions. 

During  tests  with  the  four  larger  grades,  larger  quantities  of 
cinders  were  collected  than  there  was  y^-iaeh,  or  smaller,  material  in 
the  coal.  For  these  coals  a  considerable  portion  of  the  cinders  must 
therefore  have  come  from  comparatively  large  pieces  of  coal.  In  the 
Screenings  tests  the  cinders  collected  were  materially  less  in  amount 
than  the  ^-inch  or  smaller  material  that  existed  in  the  coal.  At  all 
comparatively  high  rates  of  combustion  therefore,  and  probably  also 
at  lower  rates,  there  must  be  factors  determining  the  amount  of  cinders 
produced  other  than  the  original  amount  of  fine  material  in  the  coal 
fired. 

19.  Heat  Distribution, — Fig.  21  presents  average  heat  balances 
for  the  tests  with  each  grade  of  coal  for  both  medium  and  high  rate 
tests.  The  figures  have  been  so  constructed  that  the  groups  are 
arranged  with  relation  to  decreasing  values  of  the  per  cent  of  heat 
absorbed  by  the  boiler  during  the  high  rate  tests.  This  places  the 
grades  in  the  following  order :  nut,  egg,  mine  run,  lump,  2-inch  screen- 
ings, and  114-inch  screenings,  the  nut  coal  having  shown  the  high- 
est boiler  eflBciency,  followed  by  the  other  sizes  in  the  order  named. 
During  the  medium  rate  tests  the  mine  run  coal  showed  the  high- 
est average  boiler  efficiency  followed  by  egg,  lump,  nut,  2-inch 
screenings  and  li/4-inch  screenings  in  the  order  named.  The  per- 
centages of  heat  absorbed  by  the  boiler,  during  the  medium  rate 
tests,  for  the  four  grades  of  coal  other  than  screenings,  were,  however, 
very  nearly  the  same,  ranging  only  from  75.8  per  cent  for  mine  run  to 
73.6  per  cent  for  nut  coal. 

Fig.  21,  in  addition  to  the  per  cent  of  heat  absorbed  by  the  boiler, 
shows  the  following  items,  all  in  percentages  of  the  heat  of  the  coal 
fired ;  loss  due  to  stack  cinders ;  loss  due  to  hydrogen  in  the  coal,  mois- 
ture in  the  coal,  and  moisture  in  the  air;  loss  due  to  combustible  in 
the  ash ;  loss  due  to  heat  of  the  escaping  gases ;  loss  due  to  incomplete 
combustion  of  gases;  and  the  '* radiation  and  unaccounted  for"  loss. 
The  complete  heat  balances,  tabulated  in  Appendix  III,  present  the 
same  information  in  more  detail  and  for  each  test.  Fig.  21  reveals 
various  relations  concerning  the  heat  distribution.  For  the  high  rate 
tests  the  figures  representing  cinder  losses  increase  in  size  to  about 
the  same  extent  as  the  figures  representing  heat  absorbed  by  the 
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Fig.  21.    The  Distribution  of  the  Heat  During  Both  the  Medium  Rate 
AND  THE  High  Rate  Tests 

boiler  decrease,  in  passing  from  nut  to  114-inch  screenings.  In 
general  also,  all  of  the  figures  representing  losses  other  than  the  cinder 
loss  appear  to  be  nearly  equal.  The  principal  exceptions  to  the  gen- 
eral statements  just  made  are  found  in  the  facts  that  losses  due  to 
incomplete  combustion  vary  considerably,  and  that  the  heat  distribu- 
tion representing  the  lump  coal  tests  shows  a  small  cinder  loss  and 
a  large  **  unaccounted  for'*  loss.  It  may  be  said,  however,  that  there 
was  little  variation  in  the  losses  due  to  escaping  gases,  to  the  ash-pan, 
to  incomplete  combustion,  to  moisture,  and  to  radiation  and  unac- 
counted for,  as  between  the  different  grades ;  and  that  the  differences 
in  the  amounts  of  heat  absorbed  by  the  boiler  are  to  be  accounted  for 
chiefly  by  the  variation  in  the  losses  due  to  cinders. 

This  last  statement  is  illustrated  by  Fig.  22,  in  which  the  height  of 
each  vertical  band  is  proportioned  to  the  sum  of  the  heat  absorbed 
by  the  boiler  and  the  heat  carried  away  in  the  cinders.    It  is  obvious 
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from  the  figure  that,  at  the  medium  rate,  the  inferiority  of  the  screen- 
ings as  compar^  with  the  other  sizes  is  entirely  accounted  for  by 
their  cinder  losses.  Among  the  four  larger  grades  the  cinder  losses 
were  small  and  nearly  alike  during  the  medium  rate  tests,  and  the 
differences  in  performances  are  not  chargeable  to  cinders,  but  to  other 
factors.  Of  these  four  sizes  the  mine  run  shows  the  highest  boiler 
efficiency,  despite  the  largest  cinder  loss.    During  the  high  rate  tests 


Fig.  22.    The  Sum  of  the  Heat  Absorbed  bt  the  Boiler  and  the  Heat  Lost 
IN  THE  Cinders,  for  Both  the  Medium  and  the  High  Bate  Tests 
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the  inferiority  of  the  screenings  is  again  almost  entirely  accounted 
for  by  the  cinder  loss.  The  difference  in  performance  of  the  four 
other  grades  is  also  apparently  due  chiefly  to  the  heat  carried  away 
in  the  cinders,  except  as  regards  the  lump  coal  which,  although  its 
cinder  loss  was  less  than  that  of  the  mine  run  and  about  equal  to  that 
of  the  egg  and  nut,  nevertheless  gave  a  performance  inferior  to  all 
of  them.  This  fact  reflects  the  difficulty  experienced  in  firing  the 
lump  coal  at  the  high  rate,  which  .has  been  previously  alluded  to. 

The  radiation  and  unaccounted  for  losses  are,  for  all  grades,  quite 
uniform,  the  minimum  and  maximum  values  for  the  twelve  groups 
being  3.0  per  cent  and  9.3  per  cent.  The  minimum,  maximum,  and 
average  values  for  the  entire  36  tests  are  2,  11.2,  and  5.2  per  cent 
respectively.  If  there  were  no  unaccounted  for  loss  the  average  value 
of  5.2  per  cent  should  represpnt  with  some  degree  of  exactness  the 
radiation  loss.  In  addition  to  the  heat  losses  accounted  for  there  are 
probably  other  losses  not  measured,  such  as  those  due  to  sensible 
heat  carried  away  by  the  ash  and  cinders,  unbumed  combustible 
gases  not  determined  by  the  gas  analysis,  and  unbumed  carbon  in  the 
smoke  other  than  the  cinders  which  are  collected.  Making  an  allow- 
ance of  1  or  2  per  cent  for  the  losses  just  mentioned  and  deducting 
this  from  the  total  average  unaccounted  for — 5.2  per  cent — ^would 
leave  the  average  value  for  the  loss  due  to  radiation  at  about  3  or  4  per 
cent.  While  we  have  no  very  reliable  data  as  to  the  radiation  loss 
under  conditions  similar  to  those  of  the  tests,  the  figure  3  or  4  per  cent 
is  probably  not  greatly  in  eri-or.  There  is,  further,  for  all  tests  a  com- 
paratively small  variation  of  the  radiation  and  unaccounted  for  loss 
from  the  mean  value.  Because  of  these  facts  it  is  fair  to  conclude 
that,  in  general,  the  heat  distributions  as  given  in  the  tables  account 
for  practically  all  of  the  heat  content  of  the  coal;  that  the  amounts 
actually  unaccounted  for  are  so  small  as  not  seriously  to  invalidate 
any  portion  of  the  balances ;  and  finally  that  the  approximately  com- 
plete and  correct  accounting  for  of  all  the  heat  content  of  the  coal 
makes  it  probable  that  values  defining  the  heat  distribution  may 
safely  be  taken  as  a  basis  for  conclusions  concerning  the  test  results. 

IX^    Conclusions 
Such  generalizations  as  follow  seem  warranted  by  the  test  results. 
They  are  presented  as  applicable  only  to  the  coal  tested.    How  closely 
they  apply  to  coals  from  other  fields  is  not  clear,  although  it  is  prob- 
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able  that  they  hold  good  for  other  coals  of  like  mechanical  make-up 
and  similar  physical  properties.  If  it  is  desired  to  apply  these  conclu- 
sions to  coals  from  other  fields,  the  facts  should  be  borne  in  mind  that 
the  six  sizes  tested  were  more  nearly  alike  in  chemical  composition 
and  heating  value  than  is  often  the  case,  that  the  cinder  losses  account 
in  large  measure  for  the  differences  in  performance,  that  the  firing 
was  unusually  uniform  and  constantly  supervised,  that  the  large 
lumps  in  both  the  mine  run  and  lump  coals  were  broken  before 
firing,  and  that  the  same  exhaust  nozzle  was  used  throughout  all  tests. 

The  purpose  of  the  tests  and  the  general  program  are  set  forth 
in  Chapter  II. 

The  heating  values  and  the  chemical  analyses  of  the  six  sizes 
of  coal  tested  are  given  in  Table  1  of  Chapter  III,  and  their  mechan- 
ical make-up  is  defined  in  sections  6  and  7  of  that  chapter. 

The  final  results  of  the  tests,  expressed  in  terms  of  equivalent  evap- 
oration per  pound  of  dry  coal,  are  presented  in  Columns  2  and  4  of 
Table  9  in  Chapter  VIII,  and  they  are  discussed  at  the  end  of  sec- 
tion 17  in  that  chapter. 

The  relative  values  of  the  six  sizes  are  defined  by  the  percentage 
values  given  in  Columns  3  and  5  of  Table  9  in  Chapter  VIII,  and 
are  illustrated  by  Figs.  17  and  18.  It  should  not  be  forgotten  that 
these  percentages  define  the  relative  values  of  the  coals  on  the  tender 
— ^not  at  the  mine. 

At  the  prices  which  prevailed  when  the  tests  were  made,  both 
sizes  of  screenings  were  slightly  more  economical  than  the  mine  run 
coal.  Among  the  four  larger  grades  the  mine  run  was  much  more 
economical  than  either  the  eggy  nut,  or  lump  coals.  Averaging  the 
results  at  both  rates  of  evaporation,  the  price  differential  between 
2-inch  screenings  and  1^-inch  screenings  was  just  offset  by  the 
superior  performance  of  the  former. 

Except  as  regards  the  lump  coal  at  the  high  rate  of  evaporation 
and  the  four  larger  grades  at  the  medium  rate,  the  heat  lost  in  the 
cinders  accounts  almost  entirely  for  the  differences  in  performance 
among  the  various  grades.  These  losses  are  shown  in  Figs.  21  and  22 
and  they  are  discussed  in  sections  18  and  19.  For  the  Screenings 
they  varied  during  the  medium  rate  tests  from  7.1  to  11.2  per  cent, 
and  in  the  high  rate  tests  from  13.2  to  15.7  per  cent.  Among  the 
four  larger  sizes  the  heat  lost  in  the  cinders  varied  during  the 
medium  rate  tests  from  1.3  to  2.2  per  cent,  and  in  the  high  rate  tests 
from  5.2  to  8.4  per  cent. 
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Inspection  of  Figs.  21  and  22  reveals  the  fact  that,  despite  greater 
heat  loss  in  the  cinders,  mine  run  coal  at  the  medium  rate  of  evapo- 
ration had  a  higher  boiler  efficiency  than  either  the  egg  or  the  lump ; 
and  at  the  high  rate  its  efficiency  was  greater  than  that  of  the  lump, 
and  only  1.3  per  cent  inferior  to  that  of  the  egg.  It  is  assumed  that 
this  is  due  to  the  better  combustion  of  the  smaller  pieces  of  coal, 
which  are  more  numerous  in  the  mine  run  than  in  the  two  other 
sizes. 

The  inferiority  of  the  performance  of  the  nut  coal  at  the  medium 
rate  was  probably  due  to  insufficient  draft.  Its  superior  performance 
at  the  high  rate  is  considered  to  be  due  to  its  small  cinder  loss  and 
to  the  evenness  and  uniformity  of  the  fire  which  it  was  possible  to 
maintain  with  this  grade. 

At  the  high  rate  of  evaporation  it  was  more  difficult  to  handle 
the  fire  with  lump  coal  than  with  mine  run;  and  at  both  rates  the 
evaporative  efficiency  of  the  lump  was  less  than  that  of  mine  run. 
The  test  results  offer,  therefore,  no  support  for  the  popular  belief  in 
the  superiority  of  lump  coal. 

As  stated  in  Chapter  III  the  large  lumps  in  both  the  mine  run 
and  lump  coals  were  broken  before  firing — ^the  former  somewhat  the 
more  thoroughly,  as  is  evidenced  by  the  fact  that  after  being  thus 
cracked  all  of  the  mine  run  would  pass  a  5-inch  round  opening, 
whereas  only  74  per  cent  of  the  lump  would  pass  an  opening  of  this 
size.  As  has  been  stated,  the  evaporative  efficiency  of  the  mine  run 
was  greater  than  that  of  the  lump  at  both  rates  of  evaporation.  Since 
these  two  coals  were  not  in  other  respects  identical,  the  facts  cited 
do  not  form  a  conclusive  argument  for  the  advantage  of  breaking  the 
large  lumps;  but,  taken  in  connection  with  the  firing  experience  in 
the  laboratory,  they  do  offer  support  for  the  opinion  expressed  by  the 
Fuel  Test  Committee  that  the  cracking  of  coal  to  the  point  where  it 
will  all  pass  a  5-inch  or  6-inch  round-hole  screen  is  worth  more  than 
it  costs  at  well  equipped  coal  chutes. 
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APPENDIX  I 
The  Locomotive 

The  locomotive  has  been  briefly  described  in  the  body  of  this 
report.  For  convenience  of  reference  some  of  the  facts  there  cited  are 
repeated  in  this  appendix  which  is  intended  to  describe  the  locomotive 
in  detail. 

20.  General  Design, — ^Baltimore  and  Ohio  locomotive  4846  is  of 
the  2-8-2  type  and  is  shown  in  general  design  in  Pigs.  12,  23,  24, 
and  25.  It  was  built  by  the  Baldwin  Locomotive  Works  in  the  sum- 
mer of  1916.  It  uses  superheated  steam  at  190-pound  boiler  pressure, 
in  simple  cylinders,  26  inches  in  diameter  by  32  inches  stroke.  Its 
principal  general  dimensions  are  as  follows: — 

Weight  of  locomotive,  in  working  order 284500  lb. 

Weight  of  tender,  loaded 180000  lb. 

Weight  of  locomotive  and  tender,  in  working  order  464500  lb. 

Weight  on  front  drivers 55600  lb. 

Weight  on  intermediate  drivers 54900  lb. 

Weight  on  main  drivers 56200  lb. 

Weight  on  back  drivers 55300  lb. 

Weight  on  drivers,  total 222000  lb. 

Weight  on  leading  truck 19400  lb. 

Weight  on  traUing  truck 43100  lb. 

Nominal  maximum  tractive  effort 54587  lb. 

Driving  wheel  base 16  ft.-  9  in. 

Total  wheel  base  of  locomotive 35  ft.-  0  in. 

Driving  wheel  diameter — nominal 64  in. 

Driving  wheel  diameter — actual 63.92  in. 

Leading  truck  wheel  diameter 33  in. 

Trailing  truck  wheel  diameter 46  in. 

Main  driving  journals 11%  x  21  in. 

Other  driving  journals 9%  x  13  in. 

Leading  truck  journals 6  x  6  in. 

Trailing  truck  journals 8  x  14  in. 

21.  The  Boiler,  Firebox,  and  Front  End. — The  boiler,  the  general 
design  of  which  is  shown  in  Figs.  26  and  27,  was  of  the  wagon  top 
radial  stay  type,  composed  of  four  ring  courses  and  the  back  end. 
The  main  steam  dome  was  mounted  over  an  opening  about  27  inches 
in  diameter  and  an  auxiliary  dome  was  mounted  on  the  back  end, 
about  one-third  of  the  length  of  the  firebox  back  of  the  flue  sheet. 
Flexible  staybolts  were  used  throughout. 
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Fig.  24.    Partial  Front  Elevation 
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Fig.  25.    Bear  Elevation  and  Section  Through  the  Cab 
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The  firebox  was  provided  with  a  ''Security''  brick  arch  carried  on 
four  3-inch  arch  tubes.  The  grates — shown  in  Fig.  28 — were  of  the 
box  type  with  a  total  area  of  69.8  square  feet  and  a  total  area  through 
the  grate  openings  of  17.0  square  feet — 24.4  per  cent  of  the  grate 
area.  In  ordinary  operation  the  firebox  was  fed  by  a  Street  mechan- 
ical stoker  built  by  The  Locomotive  Stoker  Company.  Its  general 
design  is  shown  in  Fig.  25.  Three  inlets  of  5i^-inch  inside  diameter 
were  provided  in  the  back  head  for  the  stoker  nozzles. 

The  general  design  of  the  front  end  and  the  superheater  appears  in 
Figs.  26  and  27.  While  the  locomotive  was  being  broken  in  in  service 
the  front-end  arrangements  shown  in  the  figures  were  tested  by  using 
coal  similar  to  that  to  be  used  during  the  tests  and  were  found  to  be 
satisfactory.  They  were  not  modified  during  the  progress  of  the  tests. 
The  superheater  was  of  the  Schmidt  top-header  type  and  consisted 
of  34  elements.  The  principal  boiler  dimensions  appear  in  the  follow- 
ing list : 

Outside  diameter  of  first  ring 78  in. 

Cylindrical  courses,  thickness  of  sheet }|  and  %  in. 

Wrapper  sheet,  thickness A  hi. 

Back  flue  sheet,  thickness %  in. 

Front  flue  sheet,  thickness %  in. 

Firebox  sheets,  thickness %  in. 

Number  of  2^-inch  tubes .  218 

Number  of  5%-inch  tubes 34 

Number  of  3-inch  arch  tubes 4 

Length  between  tube  sheets 21      ft. 

Water  space  in  the  boiler 547.3  cu.  ft. 

Steam  space  in  the  boiler 144.7  cu.  ft. 

Heating  surface  of  2% -inch  tubes,  fireside     .      .      .  2,410.0  sq.  ft. 

Heating  surface  of  5% -inch  tubes,  fireside  972.8  sq.  ft. 

Heating  surface  of  3-inch  tubes,  fireside  ....  31.4  sq.  ft. 

Heating  surface  of  front  tube  ^eet,  fireside  ...  15.3  sq.  ft. 

Heating  surface  of  firebox,  fireside 200.4  sq.  ft. 

Total  water  heating  surface,  fireside 3,630.0  sq.  ft. 

Superheating  surface,  fireside 1,030.0  sq.  ft. 

Total  water  and  superheating  surface,  fireside      .      .  4,660.0  sq.  ft. 

Number  of  superheater  tubes 136 

Outside  diameter  of  superheater  tubes lf«  in. 

Total  length  of  superheater  tubes 2,733.5  ft. 

Length  of  firebox,  inside 120      in. 

Width  of  firebox,  inside 84      in. 

Depth  of  firebox,  at  front 81      in. 

Depth  of  firebox,  at  back 711,^  in. 

Volume  of  firebox 348.6  cu.  ft. 

Grate  area 69.8  sq.  ft. 

Exhaust  nozzle,  tip  diameter 6      in. 


Digitized  by 


Google 


64 


ILLINOIS  ENGINEERING  EXPERIMENT  STATION 


Fio.  27.    The  Front-end  Arrangement  and  the  Superheater 


^ _^- 


Fig.  28.    The  Grates 
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22.  The  Cylinders  and  the  Valves. — The  arrangement  of  the 
cylinders  and  the  valves  is  shown  in  Fig.  24.  The  valves  were  driven 
by  a  Baker-Pilliod  gear.  The  following  list  presents  the  principal 
cylinder  and  valve  dimensions  together  with  data  useful  in  interpret- 
ing the  indicator  diagrams : 


CyUnder  diameter,  right  side 
Cylinder  diameter,  left  side  .     . 
Valye  chamber  diameter,  right  side 
Valye  chamber  diameter,  left  side 
Stroke  of  piston,  both  sides  . 
Piston  rod  diameter,  both  sides  . 
Piston  displacements: 

Bight  side,  head  end 

Bight  side,  crank  end 

Left  side,  head  end  . 

Left  side,  crank  end  .     .     . 


25.771  in. 
25.767  in. 
14.0  in. 
14.0  in. 
32.0  in. 
4.0   in. 

9.660  cu.  ft. 

9.427  cu.  ft. 

9.657  cu.  ft. 

9.424  cu.  ft. 


Clearance  volumes — per  cent  of  piston  displacement: 

Bight  side,  head  end 11.0  per  cent 

Bight  side,  crank  end 11.5  per  cent 

Left  side,  head  end 11.1  per  cent 

Left  side,  crank  end 11.4  per  cent 
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APPENDIX  II 
Test  Methods  and  Calculations 

The  test  methods  employed  were,  in  general,  those  outlined  in  the 
** Method  of  Conducting  Locomotive  and  Boad  Tests''  as  published  in 
the  Proceedings  of  the  American  Railway  Master  Mechanics'  Asso- 
ciation, Volume  47,  page  538. 

All  tests  were  run  under  one  of  two  sets  of  conditions  as  to  speed 
and  cut-off:  The  ''Medium  Rate"  tests  at  a  speed  of  100  revolutions 
per  minute  and  at  33  per  cent  cut-off,  and  the  ''High  Rate"  test  at 
a  speed  of  135  revolutions  per  minute  and  at  55  per  cent  cut-off.  The 
test  methods  employed  were  the  same  for  all  tests,  and  throughout 
each  test  all  conditions  subject  to  control  were  maintained  as  nearly 
constant  as  possible.  The  graphical  logs  in  Appendix  III  show  to  what 
extent  uniformity  of  test  conditions  was  obtained  during  tests  2416 
and  2405,  and  these  logs  may  be  taken  as  fairly  representative  of 
test  conditions  for  all  of  the  tests. 

All  instruments  were  known  to  be  correct  within  reasonable  limits 
or  were  calibrated  at  intervals  and  suitable  corrections  applied  to  the 
observed  data.  Observations  were  in  general  taken  every  ten  minutes. 
Indicator  diagrams  were  taken  from  each  end  of  both  cylinders  at 
intervals  varying  from  ten  minutes  on  some  tests  to  forty  minutes  on 
other  tests.  Owing  to  the  uniformity  of  test  conditions  and  to  the  fact 
that  only  two  sets  of  conditions  as  to  speed  and  cut-off  were  employed, 
the  taking  of  indicator  diagrams  more  frequently  was  unnecessary. 
The  locations  of  the  more  important  instruments  and  apparatus  are 
indicated  in  the  figures  in  Appendix  I. 

23.  Duration  of  Tests. — The  tests  varied  in  length  from  58  min- 
utes for  test  2435  to  6  hours  and  17  minutes  for  test  2401.  The  gen- 
eral test  program  contemplated  one  medium  and  one  high  rate  test 
for  each  size  of  coal  during  which  approximately  ten  tons  of  coal 
should  be  burned  per  test;  and  two  medium  and  two  high  rate 
tests  for  each  grade  of  coal  during  which  approximately  6%  tons 
of  coal  should  be  burned  per  test.  An  examination  of  the  data  shows 
that  during  five  tests  ten  tons  or  more  of  coal  were  burned  per  test ; 
that  during  30  tests  the  amount  of  coal  per  test  varied  from  4  to  9 
tons;  and  that  in  one  test  only  2  tons  of  coal  were  burned.  For  the 
entire  36  tests  the  average  amount  of  coal  burned  was  7  tons  per 
test.  As  an  average  therefore  about  200  pounds  of  coal  per  square 
foot  of  grate  were  burned  per  test. 
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24.  Beginning  and  Closing  a  Test, — Fires  were  built  upon  a  clean 
grate  for  each  test.  With  suflScient  steam  pressure,  the  locomotive 
was  started  and  was  gradually  brought  to  the  required  conditions  of 
speed  and  cut-oflf.  It  was  then  operated  for  a  short  time  under  the 
required  conditions  and  until  a  satisfactory  fire  and  a  satisfactory 
boiler  pressure  were  being  maintained.  On  signal  the  ash  pan  and 
cinder  separator  were  closed,  observations  of  water  levels  and  steam 
pressure  were  made,  and  the  test  was  begun.  In  closing  a  test  simul- 
taneous observations  were  made  upon  water  levels,  steam  pressure 
and  condition  of  fire.  The  locomotive  was  then  stopped  as  quickly  as 
conditions  warranted.  As  soon  as  possible  after  stopping,  ashes  were 
removed  from  ash  pan,  and  cinders  from  the  cinder  separator. 

In  all  cases  it  was  endeavored  to  have  the  same  amount  of  com- 
bustible matter  upon  the  grate  at  the  close  as  at  the  start  of  the  test. 
The  removal  of  ash  from  the  fire  in  connection  with  the  closing  of  the 
test  was  primarily  for  the  purpose  of  judging  the  amount  of  combusti- 
ble upon  the  grate  and  not  for  the  purpose  of  collecting  ash.  The  en- 
deavor was  made  to  have  the  boiler  pressure  and  the  water  level  in  the 
boiler*  substantially  the  same  at  the  close  as  at  the  beginning  of  the 
test.    Corrections  were  made  for  such  irregularities  as  occurred. 

25.  Temperatures,  Pressures,  etc, — Temperatures  in  the  firebox 
were  measured  by  a  platinum  and  platinum-rhodium  thermocouple; 
and  front-end  and  superheated  steam  temperatures  by  copper  and 
copper-constantan  couples.  Mercury  thermometers  were  used  at  other 
points  where  temperature  observations  were  made. 

Boiler  pressure  observations  were  taken  from  a  gauge  located  in 
the  engine  cab.  Draft  pressures  were  measured  by  means  of  *  *  U  "  tubes 
with  water  or  with  differential  draft  gauges.  Quality  of  steam  was 
determined  by  means  of  a  throttling  calorimeter  fitted  with  a  suitable 
sampling  tube.  During  portions  of  a  few  tests  the  moisture  in  the 
steam  was  so  great  that  it  could  not  be  measured  by  means  of  the  throt- 
tling calorimeter.    Speed  was  measured  by  means  of  a  stroke  counter. 

26.  Flue  Gas  Sampling  and  Analysis, — Front-end  gas  samples 
were  collected  through  a  sampling  pipe  provided  with  numerous  small 
holes  along  the  pipe  through  which  the  gas  was  drawn.  The  time 
during  which  a  single  sample  was  collected  varied  from  20  to  60  min- 
utes, depending  mainly  upon  the  total  length  of  the  test.  The  taking 
of  samples  covered  in  general  the  entire  time  of  the  test.  All  samples 
were  collected  over  mercury  and  analyzed  immediately  after  collec- 
tion.    The  apparatus  used  for  the  analysis  of  the  flue  gases  was 


Digitized  by 


Google 


68  ILLINOIS  ENGINEERING  EXPERIMENT  STATION 

Burrell  and  Seibert's  modification  of  Haldane^s  apparatus.  The  accu- 
racy of  this  apparatus  is  sufficient  to  distinguish  0.01  per  cent  of  car- 
bon monoxide,  of  methane,  or  of  hydrogen.  In  the  present  work,  CO^ 
percentages  were  checked  to  0.02  per  cent  and  tinusual  care  was  taken 
both  in  the  collection  of  samples  and  in  the  analysis  in  order  that  reli- 
able data  might  be  secured  regarding  the  percentages  of  carbon 
monoxide,  of  methane,  and  of  hydrogen. 

The  tabulated  data  relating  to  the  composition  of  the  flue  gases,  as 
well  as  the  heat  losses  due  to  methane  and  to  hydrogen,  indicate  that 
under  ordinary  conditions  very  little  of  the  original  heat  of  the  coal 
is  lost  because  of  the  presence  of  these  gases  and  that  only  a  small 
error  will  be  made  if  the  volume  of  these  gases  which  is  present  be 
treated  as  carbon  monoxide  instead  of  as  methane  and  hydrogen. 

27.  Samples  of  Coal,  Ash,  and  Cinders  for  Chemical  Analysis, — 
Following  the  close  of  a  test,  the  ashes  collected  in  the  ash  pan  and  the 
cinders  collected  in  the  cinder  separator  were  weighed  and  sampled. 
Samples  weighing  from  50  to  150  pounds  were  collected  as  the  ash 
and  cinders  were  being  weighed,  a  small  amount  being  taken  from 
each  barrow  load  after  passing  over  the  scales. 

Ninety-five  per  cent  or  more  of  each  cinder  sample  being  smaller 
than  -^  inch,  the  large  sample  was  thoroughly  mixed  and  reduced 
by  ** quartering"  to  a  five-pound  sample.  The  ashes  were  mixed  and 
crushed  to  ^-inch  size  and  reduced  to  a  five-pound  sample  by  **  quar- 
tering.*' 

The  general  practice  of  sampling  the  coal  for  chemical  analysis 
was  that  outlined  in  the  1915  Year  Book  of  the  American  Society  for 
Testing  Materials.  During  each  test,  as  the  coal  was  loaded  from  the 
bins  into  the  wagons  to  be  transferred  to  the  firing  platform,  amounts 
weighing  approximately  15  pounds  (one  scoopful)  were  placed  in 
sampling  cans.  The  number  of  these  portions  was  so  proportioned 
that  a  total  sample  of  1,000  pounds  would  be  collected  from  the  total 
amount  of  coal  fired  during  one  test.  In  the  case  of  the  114-inch 
and  the  2-inch  screenings,  because  of  their  general  uniformity  and 
thorough  mixture  resulting  from  the  process  of  screening  and  loading, 
the  number  of  scoops  of  sample  coal  was  so  proportioned  to  the  gross, 
amount  of  coal  burned  that  total  samples  weighing  approximately 
500  pounds  instead  of  1,000  pounds  were  collected.  For  test  2435 
a  sample  of  only  200  pounds  was  collected.  For  all  other  tests  the 
samples  weighed  500  pounds  or  more.  The  average  weight  of  all 
samples  collected  for  the  grades  larger  than  screenings  was  885  pounds. 
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Special  care  was  exercised  to  ensure  that  the  coal  selected  for 
samples  was  in  all  respects  representative  of  the  coal  being  fired.  In 
general,  samples  for  the  chemical  laboratory  were  prepared  from  the 
large  samples  immediately  after  collection.  The  samples  were  pre- 
pared largely  by  mechanical  means  which  produced  results  equivalent 
to  the  hand  method  described  in  the  year  book  of  the  American  Society 
for  Testing  Materials.  The  entire  sample  was  crushed  by  rolls  to 
less  than  1-inch  size,  then  mixed  by  *' coning"  and  reduced  by  **long 
pile''  mixing  and  ** quartering''  to  from  125  to  250  pounds.  This 
amount  was  then  pulverized  and,  through  quartering,  was  reduced 
to  a  five-pound  sample. 

The  five-pound  samples  of  coal,  ash,  and  cinders  were  submitted  to 
the  chemical  laboratory  for  analysis. 

28.  Chemical  Analysis  of  Coal,  Ash,  and  Cinders, — The  chemical 
analysis  and  heat  determinations  were  made  by  the  United  States 
Bureau  of  Mines  at  the  Experiment  Station  Laboratory,  Pittsburgh, 
Pa.  The  methods  of  analysis  and  details  of  the  apparatus  used  by  the 
Bureau  of  Mines  in  analyzing  coal  are  fully  described  in  Technical 
Paper  8  issued  by  the  bureau  in  June,  1913,  and  all  samples  of  coal,  ash 
and  stack  cinders  were  analyzed  in  accordance  with  those  methods. 

Proximate  analyses  and  direct  B.  t.  u.  determinations  were  made 
for  the  coal  sample  for  each  test.  One  ultimate  analysis  was  made 
for  each  size  of  coal  tested.  The  ultimate  analyses  were  made  from 
composite  samples.  Each  composite  sample  was  made  by  combining 
equal  parts  by  weight  from  the  air-dried  samples  representing  the 
tests  for  each  grade  of  coal.  The  ultimate  analyses  for  the  individual 
tests  which  appear  in  the  report  are  based  upon  the  percentages  of 
moisture,  ash,  and  sulphur  as  determined  by  the  proximate  analysis ; 
and  upon  the  assumption  that  the  percentages  of  carbon,  hydrogen, 
oxygen,  and  nitrogen  as  determined  for  the  individual  tests  are  pro- 
portional to  the  percentages  of  carbon,  hydrogen,  oxygen,  and  nitrogen 
as  determined  for  the  composite  samples  of  that  size  by  ultimate 
analysis. 

Proximate  analyses  and  direct  B.  t.  u.  determinations  of  the  cinder 
samples  were  made  for  each  test.  Proximate  analyses  were  made  of 
the  ash  sample  for  each  test  and  direct  B.  t.  u.  determinations  were 
made  for  each  ash  sample  for  tests  2400  to  2427  inclusive.  For  the  ash 
samples  subsequent  to  test  2427,  the  B.  t.  u.  values  were  calculated 
from  an  average  B.  t.  u.  value  for  one  pound  of  moisture-free  and  ash- 
free  content  of  the  ash  samples.    The  average  moisture-free  and  ash- 
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free  B.  t.  u.  value  for  all  ash  samples  2400  to  2424  inclusive,  is  14,148 
B.  t.  u.  per  pound,  and  all  ash  samples  subsequent  to  test  2427  have 
B.  t.  u.  values  dependent  upon  this  average  value  and  proportional  to 
the  moisture-free  and  ash-free  content  of  the  individual  samples. 

29.  Samples  of  Coal  for  Mechanical  Analysis. — ^From  each  car  of 
coal  delivered,  a  sample  was  taken  for  mechanical  analysis  to  deter- 
mine the  grade  percentages  in  each  size  of  coal.  All  samples  were  col- 
lected in  uniform  manner,  the  handling  from  car  to  separating  screens 
being  such  that  approximately  the  same  amount  of  incidental  break- 
age took  place  as  occurred  when  the  regular  firing  coal  was  transferred 
from  the  cars  to  the  firing  platform.  As  each  car  of  the  run  of  mine 
and  the  2-inch  lump  coal  was  unloaded,  every  twentieth  scoopful  and 
every  twentieth  lump  unloaded  by  hand  were  set  aside.  In  the  case 
of  the  other  coals,  which  contained  no  large  lumps,  every  fifteenth 
scoopful  was  set  aside.  The  weight  of  each  sample  collected  was 
about  five  per  cent  of  the  weight  of  the  coal  in  each  car. 

30.  Smoke  Records. — The  Ringelmann  scale  was  used  in  making 
the  smoke  observations.  Nos.  1,  2,  3,  4,  and  5  of  the  Ringelmann  chart 
represent  respectively,  20,  40,  60,  80  and  100  per  cent  of  black  smoke. 
Owing  to  the  large  amount  of  steam  escaping  with  the  stack  gases, 
changes  in  temperature  and  light  greatly  affect  the  appearance  of  the 
smoke  as  regards  its  apparent  blackness.  Due  to  these  and  other 
causes  which  affect  the  value  of  observations  of  this  kind,  the  tabulated 
results  regarding  blackness  of  smoke  should  be  accepted  as  only 
approximately  correct. 

31.  Methods  of  Calculation. — The  methods  used  in  determining 
the  calculated  results  are  in  general  similar  to  the  detailed  methods  of 
calculation  published  in  Bulletin  No.  82,  University  of  Illinois,  Engi- 
neering Experiment  Station. 

The  calculations  relating  to  heat  losses  due  to  the  presence  of 
hydrogen  and  methane  in  the  escaping  gases  were  based  upon  the 
determination  of  the  amounts  of  these  gases  present  and  upon  heat 
values  of  62100  and  23842  B.  t.  u.  per  pound  for  hydrogen  and  me- 
thane, respectively. 

The  steam  tables  of  G.  A.  Goodenough,  presented  in  **  Properties 
of  Steam  and  Ammonia,*'  have  been  used  in  all  calculations  pertaining 
to   the  properties  of  steam. 
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Certain  methods  of  calculation  relating  to  the  determination  of 
the  amount  of  superheated  steam  produced  and  the  amount  used  by 
the  engine  are  as  follows : 

Item  409.    Degrees  of  Superheat 

(Branch-pipe  Temperature) — 
(Temperature  of  Saturated  Steam  at  Branch- 
pipe  pressure). 

Item  644.    Factor  of  Evaporation 
Hs  —  h 

971.7 

H'  "»  Total  heat  of  steam  at  branch-pipe  press- 
ure. 
h  =»  Heat  of  liquid  due  to  feed  water  temper- 
ature. 
Heat  Transfer  Across  Water  Heating  Surface  per  Minute, 
B.  t.  u. 

Item  633  X  (g  +  xr  — fc)  -f-60 

q-^-  xr  —  fc  =  the  heat  added  to  each  pound  of  water  evapo- 
rated by  the  boiler  exclusive  of  the  superheater. 
Heat  Transfer  Across  Superheater  Heating  Surface  per  Min- 
ute, B.  t.  u. 

(Pounds  of  steam  to  superheater  per  minute)  X 
{Hs  —  q  — xr) 
Hs  —  q  —  xv'^  the  heat  added  to  each  pound  of  steam  pass- 
ing through  the  superheater. 

Item  645.    Equivalent  Evaporation  per  Hour,  Pounds. 

[(Heat  transfer  per  hour  across  water  HS)  -f        1  .  071  7 
(Heat  transfer  per  hour  across  Superheater  HS)  J 
Superheated  Steam  per  Hours,  Pounds. 
Item  645  H-  Item  644 

Superheated  Steam  to  Engine  per  Hour,  Pounds. 
(Superheated  steam  per  hour)  — 
(Superheated  steam  loss  per  hour  due  to  Calorimeter 
leaks.  Corrections,  etc.) 
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APPENDIX  III 
Tabulated  Data  and  Results 

The  purpose  of  this  appendix  is  to  present,  for  the  sake  of  those 
who  are  interested  in  the  details  of  the  tests,  all  the  data  and  the 
results.    The  appendix  consists  of  sixteen  tables  and  two  figures. 

Tables  11  to  26,  inclusive,  contain  the  results  for  each  of  the  36 
tests  arranged  in  six  groups.  Bach  of  the  six  groups  presents  the 
data  and  the  results  for  a  particular  size  of  fuel.  Within  each  group 
the  arrangement  is  such  that  the  medium  rate  tests  precede  the  high 
rate  tests.  The  tests  were  numbered  consecutively  in  the  order 
in  which  they  were  run  and  their  arrangement  within  the  tables  is, 
with  few  exceptions,  also  in  this  order.  Under  each  size  of  fuel 
the  results  of  all  tests  made  at  a  common  rate  of  evaporation  have 
been  averaged  and  these  averages  appear  in  the  tables  in  bold  face 
type.  The  columns  headed  **Test  Number'*  and  ** Laboratory  Desig- 
nation*' are  repeated  from  table  to  table  to  facilitate  cross  reference. 
The  first  term  of  the  column  headed  ** Laboratory  Designation"  indi- 
cates the  kind  of  fuel;  the  second,  the  nominal  speed  in  revolutions 
per  minute ;  and  the  third,  the  nominal  cut-oflf  in  per  cent  of  stroke. 
The  abbreviations  used  in  this  column  are:  M.  R.  for  mine  run; 
2  in.  S.  for  2-inch  screenings ;  and  1^4  ^'  S.  for  1^4 -inch  screenings. 
The  data  and  the  results  are  presented  under  146  column  headings. 
The  numbers  assigned  to  these  columns  are  included  between  344 
and  900  and  they  appear  in  the  tables  in  the  order  of  these  numbers, 
which  are  in  general  the  same  as  those  used  in  the  code  for  testing 
locomotives  published  in  the  Proceedings  of  the  American  Railway 
Master  Mechanics'  Association,  Vol.  47,  p.  538. 

In  Fig.  29  and  Fig.  30  are  shown  graphical  logs  for  tests  2416  and 
2405  respectively,  which  are  fairly  typical  of  all  the  tests.  Test  2416 
is  a  medium  rate  test,  during  which  19915  pounds  of  3-inch  by  6-inch 
egg  coal  were  fired ;  whereas  No.  2405  is  a  high  rate  test  during  which 
20,000  pounds  of  mine  run  coal  were  fired.  The  lines  plotted  in  these 
two  figures  afford  a  basis  for  judging  of  the  uniformity  of  the  test 
conditions  which  prevailed  during  these  tests. 
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Table  11 
Genbbal  Conditions 


Laboratory 
DeagnaUon 

Duration 
of  Teet, 
Hours 

Speed 

Reverse 
Lever 

Notches 
from 

Center 

Revolutions         |           Equivalent     - 

Teot 

NUMBEB 

Total 

Average 
Minute 

Speed  in 

.^^lesper 

Hour 

Piston 
Speed 
in  Feet 

Minute 

Throt- 
Ue 

Code  Item  »r 

845 

861 

862 

868 

854 

860 

868 

2400 
2401 
2402 

M.  R.-100-33 
M.  R.-100-33 
M.  R.-100-33 
ATeraffe 

3.62 
6.28 
5.20 

21576 
37439 
31101 

99.4 
99.3 
99.7 
99.6 

18.9 
18.9 
19.0 
18.9 

530.1 
529.6 
531.7 
680.6 

2 
2 
2 

FuU 
Full 
Full 

2405 
2406 
2429 

M.  R.-135-55 
M.  R..135-56 
M.  R.-135-55 
ATwage 

2.72 
2.68 
1.92 

21807 
21687 
15529 

133.8 
134.7 
135.0 
184.6 

25.5 
25.6 
25.7 
86.6 

713.6 
718.4 
720.0 
717.8 

6 
6 
6 

FuU 
Full 
Full 

2408 
2409 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100-33 
Nut-100-33 

ATwage 

3.77 
2  33 
4.33 
4.50 

22528 
13904 
25886 
26782 

99.7 
99.3 
99.6 
99.2 
99.6 

19.0 
18.9 
19.0 
18.9 
19.0 

531.7 
529.6 
531.2 
529.0 
680.4 

2 
2 
2 
2 

Full 
Full 
Full 
Full 

2412 
2413 
2414 

Nut-135-65 
Nut-135-55 
Nut-135-65 

ATerage 

2.67 
3.00 
2.00 

21643 
24285 
16189 

135.3 
134.9 
134.9 
186.0 

25.8 
25.7 
25.7 
26.7 

721.6 
719.4 
719.4 
720.1 

6 
6 
6 

Full 
FuU 
FuU 

2415 
2416 
2423 

Ecg-100-33 
Ecg.100-33 
Egg-100-33 

ATeraffe 

3.50 
5.83 
4.00 

20834 
34822 
23741 

99.2 
99.5 
98.9 
99.2 

18.9 
18.9 
18.8 
18.9 

529.0 
530.6 
527.4 
029.0 

2 
2 
2 

Full 
Full 
Full 

2420 
2422 
2424 

E8g-135-55 
Ecff.135-55 
Effff-135-55 

ATeraffe 

2.00 
2.17 
1.98 

16214 
17650 
16133 

136.1 
135.8 
135.6 
186.6 

25.7 
25.9 
25.8 
26.8 

720.5 
724.2 
723.2 
722  6 

6 
6 
6 

Full 
Full 
Full 

2417 
2418 
2419 

Lump-100-33 
Lump-100-33 
Lump-100-33 
ATeraffe 

4.00 
5.83 
3.67 

23837 
34894 
21918 

99.3 
99.7 
99.6 
99.6 

18.9 
19.0 
19.0 
19.0 

529.6 
531.7 
531.2 
6808 

2 
2 
2 

Full 
Full 
Full 

2425 
2427 
2428 
2442 

Lump-135-55 

Lump-135-55 
Lump.135-55 
ATeraffe 

1.00 
1.50 
1.83 
2.00 

8111 
12194 
14963 
16071 

135.2 
135.6 
136.0 
133.9 
186.2 

25.7 
25.8 
25.9 
25.5 
26.7 

721.0 
722.7 
725.3 
714.1 
720.8 

6 
6 
6 
6 

Full 
Full 
Full 
FuU 

2430 
2434 
2435 

2  in.  S.-100-33 

2  in.  S.-100-33 

2  in.  S.-100-33 

ATeraffe 

2.62 
3.13 
0.97 



15671 

18475 

5791 

99.8 
98.3 
99.8 
99.8 

19.0 
18.7 
19.0 
189 

632.2 
624.2 
532.2 
629.6 

2 
2 
2 

Full 
Full 
Full 

2436 
2437 

2  in.  S.-135-55 

2  in.  S.-135-65 

ATeraffe 

1.35 
1.50 

10870 
12133 

134.2 
134.8 
184.5 

25.5 
25  7 
26.6 

715.7 
718.9 
717.8 

6 
6 

Full 
Full 

2431 
2432 
2433 

li  in.  S.-100-33 

1     in.  8.-10(^33 

l{  in.  S.-100-33 

ATeraffe 

1.77 

1.87 
3.10 

10603 
11184 
18511 

100.0 
99.9 
99.5 
99.8 

19.0 
19.0 
18.9 
19  0 

533.3 
532.8 
530.6 
682.2 

2 
2 
2 

Full 
Full 
Full 

2440 
2441 

U  in.  S.-135-55 
U  in.  S.-135-55 

1.50 
1.50 

12063 
12105 

134.0 
134.5 
184.8 

25.5 
25.6 
25.6 

714.6 
717.3 
716.0 

6 
6 

FuU 
Full 
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Table  12 
Tbmperaturbs 


Laboratory 
Dengnation 

Temfkratubb.  UmoKmm  F. 

Twr 

NxJiom 

Front- 
End 

Laboratory 

Branch 
Pipe 

Feed 
Water 

Fin- 
Box 

Ottt- 

Dry  Bulb 

Wet  Bulb 

Door 

Code  Item  19* 

aer 

86S 

868 

870 

878 

874 

2400 
2401 
2402 

M.  R.  'IQOSS 
M.  R.  -10C«3 
M.  R.  -100^ 
ATenffe 

535 
535 
539 
688 

76 
73 
79 
76 

71 
70 

78 

673 
566 
564 
668 

58.9 
56.0 
69.2 
68.0 

1735 
1835 
1812 
1T04 

61 
40 
62 

2405 
2406 
2429 

M.  R.-135-55 
M.  R..135-55 
M.  R..135-55 
ATenffe 

627 
631 
624 
6S7 

64 
60 
48 
07 

61 
58 
44 

628 
631 
618 
886 

56.5 
55.6 
55.2 
66.8 

2271 
2334 
2140 
S848 

35 
26 
37 

2406 
2400 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100-33 
Nut-lOO^ 

ATenffe 

595 
588 

670 
565 
677 

61 
54 
58 
49 
68 

54 

55 
56 

48 

580 
582 
569 
572 
078 

66.2 
55.2 
64.1 
54.9 
64.9 

2090 
2034 
2008 

1967 
9086 

12 
10 
12 
23 

2412 
2418 
2414 

Nut-135-55 
Nat-135-55 
Nut-135-55 

AT«iac« 

607 
611 
631 
616 

50 
45 
51 
48 

55 
52 
56 

629 
632 
634 
688 

55.7 
54.5 
55.9 
66.4 

2293 
2267 
2174 
8846 

28 
18 
28 

2416 
2416 
2423 

Egg-lOO^ 
Egs-lOO^ 
Efs-lOO^ 

ATerage 

543 
540 
539 
641 

65 
62 
46 
68 

64 
63 
47 

576 
574 
571 
074 

55.9 
56.2 
54.8 
66.6 

1806 
1801 

*i8d6  * 

44 

42 
8 

2420 
2422 
2424 

Krg-135-55 
Egg-135-55 
Ecc-135-55 

ATeraga 

588 
634 
626 
616 

58 
56 
51 
65 

56 
57 
53 

610 
500 
617 
606 

55.9 
54.7 
55.0 
66.2 

2210 
2278 
2183 
8884 

42 

36 

0 

2417 
2418 
2419 

Lump-lOO-33 
Lump-lOO-33 
Lump-lOO-33 
Afaraffo 

546 
545 
553 
548 

59 
58 
57 
68 

58 
68 
57 

578 
578 
578 
078 

56.0 
57.0 
56.2 
66.4 

1838 
1857 
1849 
1848 

46 
36 
86 

2425 
2427 
2428 
2442 

Lump-135-55 
Lump.135-55 
Lump-135-55 
ATeraffo 

618 
625 
635 
637 
629 

46 
50 
43 
49 
47 

47 
46 
42 
42 

595 
578 
603 
616 
608 

56'.  8 
55.3 
54.4 
54.4 
66.1 

2178 
2308 
2277 
2192 

24 
26 
24 
18 

2430 
2434 
2435 

2  in.  S.-100-33 
2  in.  S.-100-33 
2  in.  8.-100-33 
ATeraffa 

549 
541 
549 
646 

56 
48 
62 
65 

48 
46 
49 

583 
584 
578 
688 

56.4 
54.8 
57.1 
66.1 

2010 
1817 
1936 
1081 

20 

—2 

26 

2436 
2437 

2  in.  S.-135-55 
2  in.  S.-135-55 
ATeraffo 

631 
634 
6SS 

40 
44 
42 

38 
40 

634 
637 
636 

53.4 
54.1 
68.8 

2078 
2194 
8186 

5 
27 

2431 
2432 
2433 

Uin.S.-100-33 

I    in.  8.-100-33 

ij  in.  8.-100-33 

ATerage 

551 
544 
543 
646 

63 
76 
59 
66 

59 
66 
54 

589 
591 
572 
564 

57.0 
57.6 
55.3 
66.6 

2003 
1798 
1874 
1898 

48 
60 
13 

2440 
2441 

U  in.  S.-135-65 

iJ  in.  8.-135-55 

Aferaffe 

634 
639 
637 

42 
43 
43 

38 
38 

604 
629 
617 

54.1 
54.0 
64.1 

2273 
2234 
8864 

0 
10 
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Tablb  13 
Pbbssubbs 


Labonttory 
DengnAtion 

Prewure — lb.  per  aq.  in. 

Draft,  in.  of  Water 

BoUer. 
Averaie 
Gauffe 

Branch 

Pipe 
Averece 
Gauffe 

Labor- 
atory 
Baro- 
metrie 

Front  End 

Fire 
Box 

Twr 

NUMBUt 

Front 
ofDia- 
phrasm 

Baekof 
Dfapnraffm 

Aah 
Pan 

Below 
Damper 

Above 
Damper 

CodoItemP^ 

880 

88S 

88S 

884 

306 

896 

897 

2400 
2401 
2402 

M.  R.-10O^ 
M.  R.-10(W3 
M.  R.-10O^ 
ATenffe 

190.4 
190.0 
190.2 
190.2 

179 
172 
174 
176 

14.3 
14.3 
14.2 
14.8 

2.8 
2.8 
3.0 
2.9 

2.3 
2.4 
2.5 
2.4 

2.1 
2.1 
2.3 
2.2 

1.2 
1.5 
1.6 
1.4 

0.2 
0.2 
0.2 
0.2 

2405 
2406 
2429 

M.  R.-136^ 
M.  R..13&^ 
M.  R.-13*^ 
ATenffe 

187.8 
187.8 
189.4 
188.8 

168 
167 
164 
166 

14.3 
14.2 
14.3 
14.8 

8.4 
8.6 
10.1 
9.0 

6.6 
6.7 
7.8 
7.0 

5.9 
6.0 
7.0 
6.8 

4.2 
4.3 
4.5 
4.8 

0.4 
0.4 
0.4 
0.4 

2408 
2409 
2410 
2426 

Nut-100-33 
Nut^lOO-33 
Nut-100-33 
Nut-100-33 

ATenffe 

189.0 
188.5 
186.2 
189.9 
188.4 

178 
177 
181 
182 
180 

14.2 
14.3 
14.4 
14.5 
14.4 

3.0 
2.9 
2.9 
3.6 
8.1 

2.4 
2.3 
2.3 
2.8 
2.6 

2.1 
2.0 
2.1 
2.5 
2.2 

1.4 
1.3 
1.4 
1.8 
1.6 

0.2 
0.2 
0.2 
0.1 
0.2 

2412 
2413 
2414 

Nut-135-55 
Nut-135-55 
Nut-135-55 

ATecBffe 

187.1 
187.1 
187.5 
187.2 

168 
168 
168 
168 

14.5 
14.6 
14.5 
14.6 

9.2 
9.2 
9.3 
9.2 

7.3 
7.2 
7.3 
7.8 

6.6 
6.4 
6.5 
6.6 

4.6 
4.4 
4.5 
4.6 

0.5 
0.5 
0.5 
0.6 

2415 
2416 
2423 

Egg-100-33 
EKg-100-33 
Ecc-100-33 

AT«iaffe 

189.9 
189.5 
190.0 
188.8 

180 
180 
182 
181 

14.2 
14.2 
14.4 
14.8 

3.6 
3.6 
3.3 
8.6 

3.1 
3.0 
2.7 
2.9 

2.6 
2.6 
2.2 
2.6 

1.8 
1.7 
1.4 
1.6 

0.2 
0.2 
0.2 
0.2 

2420 
2422 
2424 

Kgg-135-56 
Egg-135-55 
Egg-135-55 

ATenffe 

190.1 
189.7 
190.1 
190.0 

171 
170 
170 
170 

14.2 
14.2 
14.5 
14.8 

9.5 
9.2 
9.3 
9  8 

7.7 
7.4 
7.3 
7.6 

6.7 
6.4 
6.4 
6.6 

4.3 
4.0 
4.1 
4.1 

0.5 
0.5 
0.5 
0.6 

2417 
2418 
2419 

Lump-100^ 
Lump-100-33 
Lump-100-33 
ATenffe 

189.9 
190.1 
190.0 
190.0 

180 
180 
180 
180 

14.2 
14.2 
14.4 
14.8 

3.6 
3.5 
3.5 
8.6 

3.0 
3.0 
3.0 
8.0 

2.5 
2.6 
2.5 
2.6 

1.7 
1.7 
1.7 
1.7 

0.2 
0.2 
0.2 
0  2 

2425 
2427 
2428 
2442 

Lump-135-55 
Lump-135-55 
Lump-135-55 
Lump-135-55 
ATenfo 

190.0 
183.4 
186.8 
188.9 
187. S 

168 
162 
166 
166 
166 

14.6 
14.4 
14.4 
14.4 
14.6 

9.3 
9.3 
9.4 
10.0 
9.6 

7.5 
7.1 
7.4 
8.0 
7.6 

6.4 
6.3 
6.6 
7.2 
6.7 

4.3 
4.3 
4.4 
4.6 
4.4 

0.5 
0.4 
0.3 
0.5 
0.4 

2430 
2434 
2435 

2  in.  S.-100-33 
2  in.  8.-100-33 
2  in.  S.-100-33 
ATenffe 

188.6 
190.0 
191.1 
189.9 

181 
181 
182 
181 

14.3 
14.5 
14.3 
14.4 

3.8 
3.6 
3.7 
8.7 

3.1 
3.0 
3.1 
8.1 

3.1 
2.5 
2.7 
2.8 

1.9 

"i.i" 

2.0 

0.2 
0.2 
0.2 
0.2 

2436 
2437 

2  in.  8.-135-55 
2  in.  8.-135-55 
ATenffe 

185.3 
189.1 
187.2 

161 
162 
162 

14.4 
14.4 
14.4 

9.4 
9.2 
9.8 

7.6 
7.4 
7.6 

6.5 
6.3 
6.4 

3.7 
3.8 
8.8 

0.4 
0.3 
0.4 

2431 
2432 
2433 

H  in.  8.-100-33 

1    in.  S.-100-33 

li  in.  8.-100-33 

ATenffe 

184.5 
189.1 
187.7 
187.1 

178 
181 
180 
180 

14.4 
14.1 
14.4 
14.8 

3.5 
3.6 
3.6 
8.6 

2.9 
3.0 
3.1 
8.0 

2.5 
2.6 
2.6 
2.6 

1.9 
1.1 
1.3 
1.4 

0.2 
0.2 
0.2 
0.2 

2440 
2441 

li  in.  8.-135-55 

It  in.  8.-135-55 

ATenffe 

186.6 
191.0 
188.8 

163 
166 
166 

14.4 
14.4 
14.4 

9.5 
9.4 
9.6 

7.5 
7.5 
7.6 

6.6 
6.4 
6.6 

4.0 
3.7 
8.9 

0.5 
0.5 
0.6 
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Table  14 
QuAUTT  OF  Steam,  Coal,  Cinders  and  Ash,  and  Air  Supply 


Twr 

Nuif- 

Laboratory 
DeiiignaUon 

QuaUty 

of 
Steam 

in 
Dome 

De- 

Factor 
ofCor- 

for 
QuaUty 

Steam 

Coal 

Fired 

Total 

lb. 

Dry 
Coal 
Fired 
Total 
lb. 

Com- 

bu»- 

tible 

by 

Analy- 

KB 

Total 
lb. 

Aah 
by 

Analy- 
sis 

Total 
lb. 

Staek 
Cin- 
ders 

Total 
lb. 

Air 

"S, 
of 
Car- 
bon 
Con- 
sumed 
lb. 

Air 

^. 

of 
Coal 

as 

Fired 

lb. 

Code  ft^iv- 
Item  ^^ 

407 

409 

412 

418 

419 

480 

481 

483 

2400 
2401 
2402 

M.  R.-100-33 

M.  R.-100.33 

M.  R.-100-33 

ATwaff^ 

0.9815 
0.0791 
0.9801 
0.9602 

194 
190 
187 
190 

0.987 
0.985 
0.986 

11399 
20000 
17000 
16133 

10472 
18432 
15628 

9393 
16512 
13960 

1079 
1920 
1668 

360 
592 
529. 
494 

19.5 
19.4 
18.3 
19.1 

12.5 
12.4 
11.7 
18.8 

2405 
2406 
2429 

M,  R.-135-55 

M.  R.-135-56 

M.  R..135-56 

ATeriffe 

0.9628 
0.9574 
0.9437 
0.9646 

254 
257 
246 
802 

0.973 
0.969 
0.960 

20000 
18630 
14000 
17643 

18348 
17110 
12824 

16346 
15353 
11390 

2002 
1757 
1434 

1926 
1579 
1247 
1684 

15.6 
15.7 
16.6 
16.0 

8.9 
9.2 
9.5 
9  8 

2408 
2400 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100^ 
Nut-100^ 
ATaraffw 

0.9890 
0.9836 
0.9840 
0.9853 
0.9866 

210 
204 
189 
192 
199 

0.992 
0.988 
0.989 
0.989 

12955 
7808 
14731 
16310 
18861 

11853 
7125 
13442 
15064 

10702 
6423 
12100 
13550 

1150 

702 

1342 

1514 

236 
169 
311 
482 
800 

17.0 
16.7 
16.6 
16.5 
16.7 

11.2 
10.8 
10.8 
10.8 
10.9 

2412 
2413 
2414 

Nut-135-55 
Nut-135-55 
Nut-135-55 
A?eraff« 

0.9516 
0.9470 
0.9460 
0.9482 

255 
258 

0.965 
0.962 
0.961 

18683 
20811 
13884 
17798 

17022 
18938 
12647 

15371 
17196 
11452 

1652 
1742 
1195 

1103 

1191 

780 

1086 

14.2 
15.4 
15.8 
16.1 

8.7 
9.6 
9.8 
9  4 

2416 
2416 
2423 

Egg-100-33 
Egg-100-33 
Egg-100-33 
ATeraff* 

0.9871 
0.9885 
0.9873 
0.9876 

197 
195 
191 
194 

0.991 
0.992 
0.991 

11888 
19915 
13520 
16108 

10875 
18087 
12317 

9922 
16372 
11243 

953 
1715 
1073 

273 
445 
281 
88S 

19.7 
20.5 
18.0 
19.4 

12.9 
13.3 
11.8 
18.7 

2420 
2422 
2424 

Egg-135-65 
Egg-135-55 
Egg-136-55 
ATeraffe 

0.9466 
0.9485 
0.9466 
0.9472 

235 
215 
242 
231 

0.962 
0.963 
0.962 

13882 
14996 
14000 
14898 

12666 
13684 
12767 

11514 
12564 
11645 

1152 
1120 
1121 

1001 
1014 
1067 
1087 

16.1 
15.3 
15.4 
16.6 

9.7 
9.5 
9.3 
9.6 

2417 
2418 
2410 

Lump- 100-33 

Lump-100-33 

Lump-100-33 

ATeraffe 

0.9882 
0.9861 
0.9852 
0.9866 

199 
199 
199 
199 

0.992 
0.990 
0.989 

13753 
20537 
13344 
16B78 

12470 
18508 
12060 

11243 
16727 
10661 

1227 
1781 
1400 

285 
396 
312 
881 

20.0 
19.5 
18.8 
19.4 

12.6 
12.3 
11.5 
18.1 

2425 
2427 
2428 
2442 

Lump-1 35-55 
Lump-1 35-55 
Lump- 135-55 
Lump -135-55 
ATeraffe 

0.9440 
0.9490 
0.9442 
0.9439 
0.9463 

221 
207 
230 
243 
226 

0.960 
0.963 
0.960 
0.960 

7499 
11775 
14122 
15279 
12169 

6850 
10700 
12816 
13902 

6247 
9617 
11566 
12481 

603 
1083 
1250 
1421 

545 
903 
958 
1189 
899 

15.1 
14.0 
14.7 
15.4 
14.8 

9.3 
7.9 
8.7 
9.0 
8.7 

2430 
2434 
2435 

2in.S.-100-33 

2in.S.-100-33 

2in.S.-100-33 

ATeraffe 

0.9803 
0.9668 
0.9714 
0.9728 

203 
204 
198 
202 

0.986 
0.976 
0.979 

10000 
11950 
3822 
8691 

9054 
10826 
3478 

7991 
9595 
3073 

1063 
1231 
404 

825 
1058 
360 
748 

17.4 
18.3 
18.1 
17.9 

10.3 
10.7 
10.7 
10.6 

2436 
2437 

2  in.  8.-135-55 

2  in.  8.-135-55 

ATeraffe 

0.9442 
0.9439 
0.9441 

263 
265 
264 

0.960 
0.960 

11556 
13254 
12406 

10491 
12041 

9297 
10570 

1194 
1471 

1521 
1975 
1748 

17.1 
15.0 
16.1 

9.4 
7.9 
9.8 

2431 
2432 
2433 

lHn.8..100-33 

1  in.8.-100-33 

lJin.S.-100-33 

ATeraffe 

0.9794 
0.9801 
0.9681 
0.9769 

210 
211 
193 
206 

0.985 
0.986 
0.977 

7635 

7813 

13218 

9666 

6998 

7129 

12087 

6281 
6276 
10750 

718 
853 
1336 

1023 
1029 
1430 
U61 

17.1 
18.7 
18.5 
18.1 

9.6 
10.3 
10.6 
10.1 

2440 
2441 

liin.8.. 135-55 

14in.8.-135.55 

ATeraffe 

0.9442 
0.9437 
0.9440 

232 
256 
244 

0.960 
0.960 



14000 
13750 
13876 

12730 
12275 

11234 
10663 

1497 
1612 

2269 
2185 
8887 

14.6 
14.8 
14.7 

7.5 
7.4 
7.6 

1   
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Table  15 
Coal,  Cxnders,  Ash,  Smoke  and  Humidity 


Laboratory 
Designation 

Stack 
Cinder 

Loss 

Per  Cent 

of  Total 

Coal  as 

Fired 

Stack 

Cinder 

Loss 

Percent 

of  Total 

Dry 

Co^ 

Fired 

Ash  from  Ash  Pan 

Smoke 

Per 
Cent  of 
Black- 
nees  by 
Ringef. 
mann 
Chart 

Humid- 

Tbot 

NUM- 

BBB 

Total 
lb. 

Per 
Cent 
of  Total 
Dry 
Coal 
Fired 

Per 

Cent 

of  Total 

Coal  as 

Fired 

Per 
Cent 
of  Ash 

Anaiy- 
sis 

MoL 
ture 
per  lb. 
of  Dry 
Air  lb. 

Code  Item  er~ 

427 

428 

429 

480 

481 

486 

2400 
2401 
2402 

M.  R..100-33 
M.  R.-100-33 
M.  R.-100-33 

ATcrafe 

3.2 
3.0 
3.1 
8.1 

3.4 
3.2 
3.4 
3.8 

336 
1331 
687 

3.2 
7.2 
3.8 
4.7 

2.9 
6.7 
3.6 
4.4 

31.1 
69.3 
36.2 
45.2 

29 
31 
36 
82 

0.016 
0.015 
0.020 

2406 
2406 
2429 

M.  R.-135-66 
M.  R.-136-66 
M.  R.-136-66 

ATcraffe 

9.6 
8.6 
8.9 
9.0 

10.6 
9.2 
9.7 
98 

1248 
1272 
976 

6.8 
7.4 
7.6 
7.8 

6.2 
6.8 
7.0 
6.7 

62.3 
72.4 
68.1 
67.6 

69 
67 
38 
61 

0.011 
0.010 
0.005 

2408 
2409 
2410 
2426 

Nut-100-33 
Nut-100^ 
Nut-100-33 
Nut-lOO^ 

ATarafe 

1.8 
2.2 
2.1 
3.0 
2.3 

2.0 
2.4 
2.3 
3.2 
2.6 

666 

381 

1029 

789 

4.7 
6.4 
7.7 
5.2 
6.8 

4.3 
4.9 
7.0 
4.8 
6.8 

48.3 
64.3 
76.7 
62.1 
67.9 

41 
37 
37 
29 
36 

0.008 
0.009 
0.009 
0.007 

2412 
2413 
2414 

Nut-136-56 
Nut-136-66 
Nut-136-66 

ATaiaffe 

6.9 
6.7 
6.6 
6.7 

6.6 
6.3 
6.2 
6.3 

1037 
677 
866 

6.1 
3.6 
6.8 
6.6 

6.6 
3.3 
6.2 
6.0 

62.8 
38.9 
72.4 
68.0 

58 
50 
49 
62 

0.008 
0.006 
0.008 

2416 
2416 
2423 

En-lOO-33 
Egi-100-33 
Esc.100-33 

ATcnce 

2.3     1       2.6 
2.2            2.6 

2.1  1       2.3 

2.2  1      2.4 

690 

1156 

637 



6.3 
6.4 
6.2 
6.0 

6.8 
6.8 
4.7 
6.4 

72.4 
67.4 
69.4 
66.4 

1 
3 
18 

7 

0.012 
0.012 
0.007 

2420 
2422 
2424 

Ecg-136-56 
Egg.136-56 
£gg-136-66 

AT«iaffe 

7.2            7.9 
6.8      :       7.4 
7.6     ,       8.4 
7.2     j      7.9 

1041 
982 
1009 

8.2 
7.2 
7.9 
7.8 

7.6 
6.6 
7.2 
7.1 

90.4 
87.7 
90.0 
89.4 

22 
38 
39 
38 

0.009 
0.010 
0.008 

2417 
2418 
2419 

Lump-lOO^ 
Lump-100-33 
Lump-100-33 

ATeraga 

2.1 
1.9 
2.3 
2.1 

2.3 
2.1 
2.6 
2.3 

1017 
1620 
1185 

8.2 
8.2 
9.8 
8.7 

7.4 
7.4 
8.9 
7.9 

82.9 
85.4 
84.6 
84.8 

3 
3 

7 
4 

0.010 
0.010 
0.010 

2426 
2427 
2428 
2442 

Lump-136-66 
Lump-136-66 

ATaraffa 

7.3 
7.7 
6.8 
7.8 
7.4 

8.0 
8.4 
7.6 
8.6 
8.1 

199 
1349 
1008 
1319 

2.9 
12.6 
7.9 
9.6 
8.2 

2.7 
11.6 
7.1 
8.6 
7.7 

33.0 
124.6 
80.6 
92.8 
82.8 

45 
63 

""48"' 
48 

0.006 
0.006 
0.005 
0.004 

2430 
2434 
2436 

2  in.  S.-10O-33 
2  in.  8.-100-33 
2  in.  S.-10O^ 
ATaraffa 

8.3 
8.9 
9.4 
8.9 

9.1 
9.8 
10.4 
9.8 

388 
578 
123 

4.3 
6.3 
3.5 
4.4 

3.9 
4.8 
3.2 
4.0 

36.5 
47.0 
30.5 
88.0 

22 
23 

0.005 
0.006 
0.005 

2436 
2437 

2  in.  8.-136-66 
2  in.  S.-136-66 
r           ATaraffa 

13.2 
14.9 
14.1 

14.6 
16.4 
16.6 

587 
637 

6.6 
6.3 
6.6 

6.1 
4.8 
6.0 

49.2 
43.3 
46.8 

52 
68 
66 

0.004 
0.004 

2431 
2433 
2433 

n  in.  S.-100-33 

1    in.  S.-100-33 

ij  in.  S.-100-33 

ATaraffa 

13.4 
13.2 
10.8 
12.6 

14.6 
14.4 
11.8 
18.6 

378 
330 
634 

6.4 
4.6 
6.3 
6.1 

6.0 
4.2 
4.8 
4.7 

62.7 
38.7 
47.6 
46.8 

27 
26 
30 
28 

0.010 
0.011 
0.008 

2440 
2441 

U  in.  S.-136-66 

l{  in.  8.-136-66 

ATaraffa 

16.2 
16.9 
16.1 

17.8 
17.8 
17.8 

740 
453 

6.8 
3.7 
4.8 

6.3 
3.3 
4.8 

49.4 
28.1 
88.8 

62 
62 
67 

0.004 
0.004 
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Table  16 
Coal  Analysis 


Laboratory 
Deragnation 

Proximate  Analysis— Coal  as  Fired 

Cal- 
orific 
Value 
per  lb. 
cTCoal 
as 
Fired 
B.t.u. 

Ultimate  Analysis 
Coal  as  Fired 

Tmt 

Nuii- 

snt 

Fixed 
Car- 

Cent 

Vola- 
tile 

Mat- 
ter, 
Per 

Cent 

Mois- 
ture, 
Per 
Cent 

Ash. 
Per 
Cent 

Sul- 

arately 

Deter- 

mined. 

Per 

Cent 

bpn. 
Per 
Cent 

dro- 
Cent 

Ni- 
tio- 

Cent 

Ox3r- 
Cent 

Code^. 
Item'^^ 

487 

488 

440 

441 

442 

443 

449 

460 

461 

462 

2400 
2401 
2402 

M.  R.-100-33 

M.  R.-100-33 

M.  R.-100-33 

ATeraffo 

48.08 
48.51 
46.06 
47.86 

34.32 
34.05 
35.16 
34.61 

8.13 
7.84 
8.07 
8.01 

0.47 
0.60 
0.81 
9.63 

0.03 
0.05 
0.08 
0.96 

11020 
11002 
11885 
11936 

66.00 
67.01 
66.62 
66.84 

4.20 
4.30 
4.28 
4.29 

1.56 
1.56 
1.55 
1.68 

8.73 
8.74 
8.00 
8.T2 

2405 
2406 
2429 

M.  R.-135-55 

M.  R.-135-55 

M.  R.-135-55 

ATeraffe 

47.83 
48.56 
47.55 
47.08 

33.00 
33.85 
33.81 
33.86. 

8.26 

8.16 

8.40 

..8.27 

10.01 
0.43 

10.24 
9.89 

0.81 
0.02 
1.00 
0.94 

11762 
11876 
11806 
118U 

66.44 
66.01 
65.91 
66.42 

4.26 
4.20 
4.23 
4.26 

1.56 
1.56 
1.63 
1.66 

8.67 
8.73 
8.60 
8.87 

2408 
2400 
2410 
2426 

Nut-10(W3 
Nut-lOO^ 
Nut-100-33 
Nut-100^3 
ATerafo 

47.10 
47.14 
46.50 
48.60 
47.36 

35.51 
35.12 
35.01 
34.30 
34.23 

8.51 
8.75 
8.48 
7.64 
8.86 

8.88 
8.00 
0.11 
0.28 
9.07 

0.83 
1.01 
0.85 
0.82 
0.88 

12002 
11056 
11018 
11002 
11967 

67.60 
67.16 
67.42 
68.00 
87.66 

4.37 
4.34 
4.36 
4.30 
4.S7 

1.88 
1.37 
1.38 
1.30 
1.38 

8.43 
8.38 
8.41 
8.48 
8.4S 

2412 
2413 
2414 

Nut-135-55 
Nut-135-55 
Nut-135-55 
ATeraffo 

48.28 
48.01 
48.20 
48.16 

33.00 
34.62 
34.28 
34.30 

8.80 
0.00 
8.01 
8.93 

8.84 
8.37 
8.61 
8.61 

0.86 
0.02 
0.87 
0.88 

11018 
11000 
11023 
11944 

67.20 
67.54 
67.46 
67.43 

4.35 
4.36 
4.36 
4.36 

1.38 
1.38 
1.38 
1.38 

8.39 

8.42 
8.41 
8.41 

2415 
2416 
2423 

Egg-100-33 
Egg-10(W3    - 
Egg-100-33 
ATeraffe 

47.80 
48.34 
48.30 
48.21 

35.57 
33.87 
34.77 
34.74 

8.52 
0.18 
8.00 
8.87 

8.02 
8.61 
7.04 
8.19 

1.20 
0.03 
0.73 
0.98 

12143 
11018 
12100 
12064 

68.18 
67.45 
68.40 
68.01 

4.40 
4.46 
4.51 
4.48 

1.60 
1.40 
1.51 
1.60 

7.99 
7.90 
8.01 
7.97 

2420 
2422 
2424 

Egg-135-55 
Egg-135-55 
Egg.135-56 
ATeraffe 

48.65 
40.24 
48.83 
48.91 

34.20 
34.54 
34.35 
34.39 

8.76 
8.75 
8.81 
8.77 

8.30 
7.47 
8.01 
7.93 

0.86 
0.02 
0.01 
0.90 

12042 
12175 
12040 
12089 

68.11 
68.76 
68.27 
68.38 

4.40 
4.53 
4.50 
4.61 

1.50 
1.62 
1.51 
1.61 

7.98 
8.05 
8.00 
8.01 

2417 
2418 
2410 

Lump-100-33 

Luinp-100-33 

Lump-100-33 

ATeraffe 

46.84 
46.36 
46.54 
46.68 

34.01 
35.00 
33.35 
34.46 

0.33 
0.88 
0.62 
9.61 

8.02 
8.67 
10.40 
9.86 

1.06 
0.83 
1.00 
0.96 

11826 
11704 
11601 
11740 

66.26 
66.21 
64.78 
66.76 

4.22 
4.22 
4.13 
4.19. 

1.48 
1.48 
1.45 
.1.47 

8.72 
8.72 
8.63 
8.66 

2425 
2427 
2428 
2442 

Lump-135-55 
Luinp-135-55 
Luinp-135-55 
Lump-135-55 
ATeraffe 

48.06 
47.66 
46.38 
48.58 
47.87 

35.24 
34.01 
35.52 
33.11 
34.47 

8.66 
0.13 
0.25 
0.01 
9.01 

8.04 
0.20 
8.85 
0.30 
8.86 

0.03 
0.80 
0.82 
0.64 
0.82 

12062 
11776 
11853 
11806 
11874 

67.64 
66.34 
66.58 
66.56 
66.78 

4.31 
4.22 
4.24 
4.24 
4.26 

1.52 
1.40 
1.40 
1.40 
1.60 

8.90 
8.73 
8.76 
8.76 
8.79 

2430 
2434 
2435 

2in.S.-100-33 

2  in.  8.-100-33 

2  in.  8.-100-33 

ATeraffe 

47.08 
48.12 
48.33 
48.14 

31.03 
32.17 
32.08 
32.06 

0.46 
0.41 
0.01 
9.29 

10.63 
10.30 
10.58 
10.60 

0.84 
0.80 
0.74 
0.82 

11542 
11570 
11565 
11662 

65.54 
65.81 
66.04 
66.80 

4.42 
4.44 
4.45 
4.44 

1.47 
1.48 
1.48 
1.46 

7.64 
7.67 
7.70 
7.67 

2436 
2437 

a  in,  8.-135-55 

2in.S.-135-55 

ATeraffe 

48.70 
47.45 
48.06 

31.75 
32.30 
32.03 

0.22 
0.15 
9.19 

10.33 
11.10 
10.72 

0.70 
0.07 
0.88 

11502 
11470 
U6S1 

66.03 
65.30 
66.67 

4.45 
4.40 
4.43 

1.48 
1.47 
1.48 

7.70 
7.61 
7.66 

2431 
2432 
2433 

llin.8.-100-33 

I  in  .8.-100-33 

lJin.8.-100-33 

ATeraffe 

48.65 
48.13 
48.40 
48.42 

33.61 
32.20 
32.84 
32.88 

8.34 
8.75 
8.56 
8.66 

0.40 
10.92 
10.11 
10.14 

0.00 
1.07 
0.00 
0.99 

11851 
11543 
11608 
11697 

67.06 
65.40 
66.36 
66.27 

4.45 
4.34 
4.41 
4.40 

1.46 
1.43 
1.45 
1.46 

8.30 
8.09 
8.21 
8.20 

2440 
2441 

l|in.8.- 135-55 

liin.8.-135-55 

ATeraffe 

47.85 
46.01 
47.88 

32.30 
30.64 
31.62 

0.07 
10.73 
9.90 

10.60 
11.72 
U.21 

0.97 
0.01 
0.94 

11642 
11161 
11347 

65.41 
63.24 
64.33 

4.34 
4.20 
4.27 

1.43 
1.88 
1.41 

8.09 
7.82 
7.98 
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Table  17 
Calorific  Value  of  Coal  and  Cinders,  Analysis  of  Front-end  Gases 


Laboratory 
DeaicnAtaoxi 

Calorific  Value  B.t.u. 
per  lb. 

Analysis  of  Front  End  Gases 
percent 

Tew 
Num- 
ber 

Dry 

Coi 

Com- 
bus- 
tible 

Stack 
Cin- 
ders 

Ash 

Oiy- 

Car- 
bon 

Mon- 
oxide 
CO 

Car- 
bon 
Diox- 
ide 
C02 

Ni- 
tro- 

dro- 

Meth- 
ane 
CH4 

Codes^v- 
Item  •^ 

466 

466 

462 

463 

466 

467 

468 

409 

470 

471 

2400 
2401 
2402 

M.  R.-100-33 

M.  R..100-33 

M.  R.-100-33 

ATenffe 

12983 
13012 
12929 
12976 

14476 
14626 
14474 

8399 
8663 
8670 
8611 

3488 
3141 
2696 
3106 

6.47 
6.32 
6.55 
6.U 

0.096 
0.148 
0.220 
0.164 

12.52 
12.53 
13.21 
12.76 

80.95 
81.02 
81.02 
81.00 

0.020 
0.009 
0.000 
0.010 

0.005 
0.003 
0.015 
0.006 

2406 
2406 
2429 

M.  R.-136-66 

M.  R.-135-66 

M.  R.-136-66 

ATenffe 

12811 
12933 
12888 
12877 

14380 
14414 
14510 

11081 
11030 
10921 
11011 

3935 
3852 
4410 
4066 

2.79 
2.15 
3.70 
2.88 

0.601 
1.100 
0.307 
0.669 

15.19 
14.71 
14.54 
14.81 

81.26 
82.00 
81.38 
81.66 

0.093 
0.020 
0.033 
0.046 

0.068 
0.020 
0.033 
0.040 

2408 
2409 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-lOa-33 
Nut-lOO^ 
ATenffe 

13118 
13102 
13023 
12983 
13067 

14628 
14.536 
14461 
14434 

8023 
7585 
8231 
8458 
8074 

2633 
3204 
2187 
1986 
2602 

4.59 
4.28 
4.11 
4.03 
4.26 

0.440 
0.476 
0.376 
0.420 
0.428 

13.98 
14.22 
14.45 
14.44 
14.27 

80.89 
80.92 
80.97 
80.99 
80.94 

0.070 
0.047 
0.058 
0.087 
0.066 

0.035 
0.053 
0.034 
0.033 
0.036 

2412 
2413 
2414 

Nut-136-55 
Nui-136-65 
Nut-136-65 
ATenffe 

13081 
13176 
13090 
13116 

14486 
14612 
14466 

10728 
10822 
10634 
10728 

3416 
3184 
3409 
3336 

1.85 
2.41 
2.09 
2.12 

1.675 
0.610 
0.646 
0.943 

15.65 
16.34 
15.09 
16  36 

80.54 
81.00 
81.94 
81.16 

0.180 
0.265 
0.166 
0.200 

0.206 
0.190 
0.040 
0.146 

2415 
2416 
2423 

t 

Egg-lOa-33 
Eg8-100-33 
EgK-100-33 
ATenffe 

13273 
13122 
13282 
13226 

14549 
14495 
14551 

7987 
7999 
8329 
8106 

3173 
3357 
3827 
3462 

6.85 
7.12 
5.09 
6.36 

0.200 
0.118 
0.184 
0.167 

12.21 
11.86 
13.63 
12.63 

80.69 
80.92 
81.18 
80.93 

0.028 
0.002 
0.008 
0.013 

0.028 
0.000 
0.010 
0.013 

2420 
2422 
2424 

Rffg-136-55 
Egff-136-55 
Eg8-135-65 
ATenffe 

13198 
13346 
13214 
13262 

14619 
14636 
14486 

10771 
11234 
10584 
10663 

4651 
3343 
4426 
4140 

2.91 
2.43 
2.65 
2.66 

0.390 
0.400 
0.450 
0.413 

16.01 
16.71 
16.63 
16.42 

81.64 
81.30 
81.27 
81.40 

0.035 
0.112 
0.060 
0.060 

0.026 
0.040 
0.040 
0.036 

2417 
2418 
2419 

Lump -100-33 

Lump -100-33 

Lump -100-33 

ATenffe 

13043 
13086 
12836 
12988 

14467 
14479 
14521 

7713 
7574 
7106 
7464 

3469 
3598 
3436 
3601 

6.94 
6.49 
5.88 
6.44 

0.112 
0.102 
0.170 
0.128 

12.16 
12.50 
12.90 
12.62 

80.78 
80.92 
80.98 
80.89 

0.002 
0.003 
0  016 
O.OOT 

0.006 
0.002 
0.010 
O.OOT 

2426 
2427 
2428 
2442 

Lump  -136-66 
Lump -136-66 
Lump -136-66 
Lump  -136-66 
ATenffe 

13206 
12968 
13061 
12974 
13060 

14479 
14418 
14472 
14460 

10917 
10849 
10829 
10415 
10763 

3487 
4869 
4297 
4527 
4296 

2.39 
0.90 
1.57 
2.67 
1.88 

0.696 
1.630 
0.866 
0.343 
0.883 

16.61 
16.96 
16.89 
16.66 
16.78 

81.07 
80.94 
81.48 
81.26 
81.19 

0.140 
0.360 
0.140 
0.038 
0  167 

0.110 
0.203 
0.060 
0.033 
0.102 

2430 
2434 
2436 

2  in.  8.-100-33 
2  in.  8.-100-33 
2  in.  8.-100-33 

12748 
12782 
12710 
12747 

14443 
14422 
14382 

9407 
9669 
9113 
9363 

3674 
3710 
3677 
3687 

5.01 
5.40 
6.25 
6.22 

0.330 
0.157 
0.280 
0.266 

13.74 
13.28 
13.34 
13.46 

80.81 
81.14 
81.12 
81.02 

0.057 
0.003 
0.010 
0.023 

0.043 
D.013 
0.000 
0.019 

2436 
2437 

2  in.  8.-136-66 

2  in.  8.-136-66 

ATenffe 

12769 
12626 
12667 

14400 
14382 

10611 
11018 
10616 

4343 
4021 
4182 

4.26 
2.08 
3.17 

0.603 
0.660 
0.677 

13.88 
16.76 
14.82 

81.20 
81.33 
81.27 

0.073 
0.137 
0.106 

0.073 
0.057 
0.066 

2431 
2432 
2433 

liin.S.-100-33 

1  in.8..100-33 

l}in.S.-100-33 

ATenffe 

12929 
12650 
12793 
12791 

14407 
14371 
14384 

10605 
10167 
10784 
10482 

4109 
4504 
4262 
4288 

4.90 
6.67 
6.50 
6.36 

0.340 
0.227 
0.228 
0.266 

13.97 
12.91 
13.05 
13.31 

80.80 
81.17 
81.19 
81.06 

0.000 
0.017 
0.050 
0.022 

0.000 
0.007 
0.013 
0.007 

2440 
2441 

liin.S.-136-66 

ljin.8.-136.66 

ATenffe 

12692 
12492 
12662 

14384 
14380 

10870 
11203 
11037 

3838 
4469 
4164 

3.11 
1.92 
2.02 

1.380 
0.760 
1.070 

15.37 
15.86 
16.62 

80.42 
81.15 
80.79 

0.313 
0.177 
0.246 

0.443 
0.137 
0.260 
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Table  18 
Wateb  and  Drawbab  Pull 


DengnAtion 

Wateb 

TB.T 

Nuif- 

DeUTered 
to  Boiler 

by 
Injectort 

lb. 

Weight  of 

Water  in 

BoUerat 

Start  of 

Teet 

Biinue 

inS^er 

ataoee 

of  Teet.  lb. 

Correction 

for 
Change  of 

Water 
Level  and 
Steam 
Preeeure 
inBoUer. 
Start  to 
Qoee.  lb. 

Loes 

from 

BoUer 

lb. 

Lon 
from 
Boiler 
Cor- 
rected 
lb. 

Preeum- 

Evapor- 
ated 
lb. 

Drawbar 
PuU 
lb. 

Codeltemer* 

476 

477 

478 

479 

480 

481 

467 

2400 
2401 
2402 

M.  R.-100-33 
M.  R.-100-33 
M.  R.-10O^ 

Avenffe 

80868 
141151 
110334 

-1-1110 
—1110 
-H  220 

+  794 
—  791 
+  157 

0 
0 
0 

0 
0 
0 

81662 
140360 
119491 
118888 

21970 
21727 
21822 
21840 

2405 
2406 
2429 

M.  R.-135-56 
M.  R.-135-55 
M.  R.-135-55 

ATeraffe 

113133 
112494 
80329 

-1-2060 
-h  160 
+2640 

+1377 
+  114 
+1860 

0 

0 

172 

0 

0 

121 

114510 
112608 

28771 
28718 
28672 
S8790 

2408 
2400 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100^ 
Nut-lOO^ 

ATcraffe 

88009 

54574 

99995 

111980 

0 
0 
0 

+  180 

—  110 

—  22 

—  43 
+  128 

0 

325 

75 

495 

0 

232 

54 

353 

87809 
54320 
99898 
111755 
88468 

22490 
22411 
22417 
22640 
28480 

2412 
2413 
2414 

Nut-135-55 
Nut^l35-55 
Nut-135-65 

ATeraffe 

112833 
127417 
83950 

+2950 
+1380 
+  880 

+1856 
+  973 
+  573 

160 
180 
120 

113 

127 

85 

114576 

128263 

84438 

100092 

28958 
29100 
29128 
890t8 

2415 
2416 
2423 

Egg-lOO-33 
Eft-100-33 
Egg-lOO-33 

ATecBffe 

84089 
139492 
96044 

0 
0 

+  180 

0 
—  325 

+  128 

315 
525 
360 

225 
375 
257 

83864 
138792 

95915 
106190 

2284 

23115 

22538 

2420 
2422 
2424 

Effg.135-55 
RgC-135-55 
Egg-135-55 

ATenge 

84550 
91315 
83485 

+2740 
+2420 
+3320 

+1920 
+1707 
+2330 

120 
130 
120 

85 
92 
85 

86385 
92930 
85730 
88848 

29046 
29030 
20104 

2417 
2418 
2410 

Lump-100-33 
Lump-lOO-33 
Lump.100-33 

ATecage 

96335 

138919 

89522 

—  590 

+  340 

0 

—  422 

+  220 

0 

360 
525 
330 

257 
375 
236 

95656 
138764 

89286 
10T902 

28026 
23085 
22983 
S8081 

2425 
2427 
2428 
2442 

Lump-135-56 
Lump-135-55 
Lump-136-56 
Lump-135-55 

ATerage 

41743 
60757 
77730 
89495 

+1610 
+3860 
+3130 
+  740 

+1136 
+2639 
+2125 
+  543 

60 
135 
165 

90 

42 
96 
116 
63 

42837 
63800 
79789 
89975 
68088 

28530 
27909 
28441 
29266 
88687 

2430 
2434 
2435 

2in.S.-100-33 
2  in.  8.-100-33 
2  in.  S.-100-33 
ATecage 

63153 
74750 
24008 

+  350 
+1070 
+  500 

+  293 
+  769 
+  376 

150 
141 
45 

107 

100 

32 

63839 
75409 
24342 
64888 

22906 
23091 
23268 
88068 

2436 
2437 

2in.  S.-135-55 
2  in.  S.-135-55 
ATerage 

55754 
66936 

+  1970 
—1040 

+1392 
—  732 

60 
68 

42 
48 

57104 
66156 
61680 

27976 
28938 
88487 

2431 
2432 
2433 

H  in.  S.-100-33 

1    in.  S.-100-33 

l{  in.  8-100-33 

Aferage 

43907 
44696 
76873 

+  360 
+2250 
+  940 

+  257 
+1585 
+  689 

105 
110 
180 

75 

79 
128 

44089 
46202 
77434 
56908 

22912 
22588 
88611 

2440 
2441 

IJ  in.  8.-135-55 

l{in.  S.-135-55 

ATerage 

64217 
65872 

+  980 
+  300 

+  725 
+  211 

68 
68 

48 
48 

64894 
66035 
66466 

89061 
29392 
88127 
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Table  19 

BOILBB  PbRFOBMANCB — COAL  AND  EVAPORATION 


Laboratory 
Dedgnation 

Coal  as  Fired 
lb. 

Dry  Coal 
Fired— lb. 

Evaporation 

"D^^ 

Per 
Hour 

Per 
Hour 

per 
Sq.Ft. 

Grate 
Sur- 
face 

Moist 
Steam 

Hour 
lb. 

Super- 
Heated 

T«8T 
NUM- 
BKB 

Per 
Hour 

Hour 

per 

Sq.Ft. 

Grate 
Sur- 
face 

Per 
Hour 

Per 

Hour 

per 

SqVFt. 

of 
Heat- 

Surface 

Per 
lb.  of 

Dry 
Coal 

Per 
lb.  of 
Coal 

as 
Fired 

Steam 

to 
Engine 

Hour 
lb. 

Item  ^^ 

es6 

687 

688 

2400 
2401 
2402 

M.  R.-100-33 

M.  R.-100-33 

M.  R.-100-33 

AT«nff« 

3151 
3183 
3260 
8801 

46.1 
46.6 
46.8 
45  8 

2895 
2934 
3005 
8940 

41.5 
42.0 
43.1 
48.8 

22577 
22340 
22979 
88688 

22565 
22328 
22970 
88681 

4.84 
4.79 
4.93 
4.80 

7.79 
7.61 
7.64 
7.68 

7.16 
7.01 
7.02 
7.06 

22466 
22257 
22936 
88088 

2406 
2406 
2420 

M.  R.-135-55 

M.  R.-135-55 

M.  R.-135-55 

ATwrace 

7361 
6044 
7303 
7908 

105.5 

99.5 

104.6 

106.8 

6753 
6377 
6600 
6607 

96.8 
91.4 
95.9 
94.7 

42145 
41971 
42811 
48809 

42176 
41946 
42854 
48880 

9.05 
9.00 
9.20 
9.08 

6.24 
6.58 
6.41 
6.41 

6.73 
6.04 
6.87 
0.88 

42365 
41783 
48059 
48886 

2408 
2400 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-10C«8 
Nut-100-33 
ATeraffe 

3439 
3347 
3400 
3624 
8468 

49.3 
48.0 
48.7 
51.9 
48.6 

3146 
3054 
3102 
3348 
8168 

45.1 
43.8 
44.4 

48.0 
40.8 

23334 
23283 
23055 
24834 
88687 

23327 
23254 
23059 
24808 
88618 

5.00 
4.99 
4.95 
5.33 
0.07 

7.42 
7.61 
7.43 
7.41 
7.47 

6.78 
6.95 
6.78 
6.85 
6.84 

23195 
23129 
22962 
24588 
88469 

2412 
2413 
2414 

Nut-135-55 
Nut-135-55 
Nut-135-55 
ATeraffe 

7005 
6037 
6942 
6961 

100.4 
99.4 
99.5 
99.8 

6382 
6313 
6324 
6840 

91.4 
90.4 
90.6 
90.8 

42960 
42754 
42219 
48644 

42964 
42720 
42209 
48681 

9.22 
9.17 
9.06 
9.10 

6.73 
6.77 
6.67 
6.78 

6.13 
6.16 
6.08 
6.18 

42951 
42561 
42224 
48079 

2415 
2416 
2423 

E8g-100-33 
Egg-100-33 
Efff-100.33 
ATeraffe 

3397 
3414 
3380 
8397 

48.7 
48.0 
48.4 
48.7 

3107 
3101 
3079 
8096 

44.5 
44.4 
44.1 
44.8 

23961 
23796 
23979 
88918 

23944 
23788 
23970 
88901 

5.14 
5.11 
5.14 
0.18 

7.71 
7.67 
7.78 
7.78 

7.06 
6.97 
7.09 
7.04 

23665 
23651 
23774 
88697 

2420 
2422 
2424 

Egg-135.55 
Rgff-135-55 
Effg.135-55 
ATeraffe 

6041 
6920 
7060 
6074 

99.4 
99.1 
101.2 
99.9 

6333 
6315 
6438 
6868 

90.7 
90.5 
92.2 
91.1 

43193 
42884 
43233 
48108 

43219 
42881 
43302 
48184 

9.28 
9.20 
9.29 
9.86 

6.82 
6.79 
6.73 
6.78 

6.22 
6.20 
6.13 
6.18 

43393 
42953 
43581 
48809 

2417 
2418 
2419 

Lump.100-33 

Lump-100-33 

Lump-100-33 

ATeraffe 

3438 
3521 
3639 
8688 

49.3 
50.5 
62.1 
60.6 

3118 
3173 
3289 
8198 

44.7 
45.5 
47.1 
40.8 

23914 
23790 
24348 
84017 

23906 
23778 
24340 
84006 

6.13 
6.10 
5.23 
0.10 

7.67 
7.49 
7.40 
7.08 

6.96 
6.75 
6.69 
6.80 

23714 
23570 
24190 

2425 
2427 
2428 
2442 

liump-135-55 
Lump-135-55 
Lump-1 35-55 
Lump-135-55 
ATeraffe 

7499 
7850 
7704 
7640 
7678 

107.4 
112.5 
110.4 
109.6 
110.0 

6850 
7133 
6092 

98.1 
102.2 
100.2 

99.6 
100.0 

42837 
42200 
43502 
44988 
48888 

42889 
42254 
44136 
44910 
48047 

9.21 
9.07 
9.47 
9.64 
9.80 

6.26 
5.92 
6.31 
6.46 
6.84 

5.72 
6.38 
6.73 
6.88 
0.68 

43160 
42608 
43892 
44441 
48048 

2430 
2484 
2485 

2in.S.-100-33 

2  in.  8.-100-33 

21x1.8.-100-33 

ATeraffe 

3821 
3814 
3952 
8862 

54.7 
54.6 
56.6 
06.8 

3460 
3455 
3597 
8004 

49.6 
49.5 
51.5 
00.8 

24203 
24060 
25173 
84488 

24122 
24014 
25147 
84488 

5.18 
6.15 
5.40 
0.84 

6.97 
6.96 
6.99 
6.97 

6.31 
6.30 
6.36 
6.88 

23516 
23656 
24918 
84080 

2436 
2437 

2in.S.-135-55 

2  in.  8.-135-55 

ATeraffe 

8560 
8836 
8608 

122.6 
126.6 
124.6 

7771 
8027 
7899 

111.3 
115.0 
118.8 

42299 
44104 
43808 

42287 
43981 
48184 

9.07 
9.44 
9.86 

5.45 
5.48 
6.47 

4.94 
4.98 
4.96 

42232 
43376 
48864 

2431 
2432 
2433 

liin.S.-100-33 

1  in.S.-100.33 

liin.S.100-33 

ATeraffe 

4321 
4185 
4264 
4807 

61.9 
60.0 
61.1 
61.0 

3960 
3818 
3899 
8898 

56.7 
64.7 
66.9 
00.8 

24951 
24747 
24979 
84898 

24907 
24714 
24933 
84801 

6.34 
5.30 
5.35 
0.88 

6.29 
6.47 
6.39 
6.88 

5.76 
5.90 
6.85 
6.84 

24370 
24469 
24514 
84461 

2440 
2441 

liin.S.-135.55 

llin.S.-135-56 

ATeraffe 

9333 
9167 
9860 

133.7 
131.3 
188.6 

8487 
8183 
8880 

121.6 
117.2 
119.6 

43263 
44024 
48644 

43186 
43941 
48064 

9.27 
9.43 
9.80 

5.09 
6.37 
6.88 

4.63 
4.80 
4.78 

42746 
43478 
48118 
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Table  20 

BOILBB  PeBFORMANCE — EVAPORATION  AND  EQUIVALENT  EVAPORATION 


Laboratory 
Designation 

Steam 

Used 

at 

Calori- 

Valve, 

Leaks, 

eto. 

Super- 
heated 
Steam 
Loes 

^^ 
due  to 
Calori- 
meter 
Leaks, 
Cor- 
rections 
eto. 
lb. 

Dry 
Coal 
Loss 

Hour 
Equiv- 
alent 

to 
Steam 
Loss 

lb. 

Factor 

of 
Evap- 
oration 

Equivalent  Evaporation  from  and  at 
212  Degrees  F.— lb. 

Tmt 

NUM- 
BBR 

Per 
Hour 

Per 
Hour. 
Boiler 
Ex. 
elud- 
ing 
Super- 
Heater 

Per 

Hour, 

Sup- 

er- 
Heat- 

Al^ne 

Per 
Hour, 

per 
Sq.Ft. 

of 
Total 
Heat- 
ing 
Sur- 
face 

Per 
Hour, 

Total 
Heating 
Surface 

Ex- 
cluding 
Supers 
Heater 

Per 

Hour. 

per 

^r 

Heat- 

Sur- 
face 
Super- 
Heater 
Alone 

Code  ^^^ 
Item   •^^ 

688 

648 

644 

646 

646 

647 

646 

640 

600 

2400 
2401 
2402 

M.  R.-10O^ 

M.  R.-100^3 

M.  R.-100-33 

ATecBffe 

717 
202 
288 

+101 

+  78 
■f  32 

+13 
+10 

+  4 

1.319 
1.319 
1.314 
1.817 

29764 
29451 
30183 
20799 

26867 
26607 
27299 

2897 
2844 
2884 

6.39 
6.32 
6.48 
6.40 

7.40 
7.33 
7.52 

2.81 
2.76 
2.80 

2405 
2406 
2429 

M.  R.-135-55 

M.  R.-135-55 

M.  R.-135-65 

A?«raff^ 

87 
685 
426 

—191 
+199 
—212 

—31 
+30 
—33 

1.352 
1.354 
1.348 
1.861 

57022 
56795 
57767 
67196 

49563 
49190 
49703 

7459 
7605 
8064 

12.24 
12.19 
12.40 
12.28 

13.65 
13.55 
13.69 

7.24 
7.38 

7.83 

2408 
2400 
2410 
2426 

Nut-100-33 
Nut.100-33 
Nut^lOO^ 
Nut-100-33 
ATeiBffe 

632 

613 

504 

1511 

+122 
+128 

+  87 
+218 

+16 
+17 
+12 
+29 

1.331 
1.328 
1.321 
1.322 
1.826 

31048 
30881 
30461 
32796 
81297 

28000 
27823 
27597 
29727 

3048 
3058 
2864 
3069 

6.66 
6.63 
6.54 
7.04 
6.72 

7.71 
7.66 
7.60 
8.19 

2.96 
2.97 
2.78 
2.98 

2412 
2413 
2414 

Nut-135-55 
Nut-135-55 
Nut-135-55 
ATeraffe 

871 

1115 

383 

+     4 
+154 
—    8 

+  1 
+23 
—  1 

1.353 
1.356 
1.356 
1.866 

58130 
67929 
57236 
07766 

50135 
49766 
49059 

7995 
8163 
8177 

12.47 
12.43 
12.28 
12.89 

13.81 
13.71 
13.51 

7  76 
7  93 
7.94 

2415 
2416 
2423 

Egg-100-33 
Egg-100-33 
Egg-100-33 
ATerace 

1259 
1537 
1130 

+270 
+136 

+184 

+35 
+18 

+24 

1.323 
1.322 
1.321 
1.822 

31678 
31448 
31665 
81607 

28705 
28530 
28751 

2973 
2918 
2914 

6.80 
6.75 
6.79 
6.78 

7.91 
7.86 
7.92 

2.89 
2.83 
2.83 

2420 
2422 
2424 

Egg-135-55 
Egg-135-55 
Egg-135-55 

505 
657 
384 

—165 
—  75 
—292 

—24 
—11 
—43 

1.343 
1.333 
1.347 

1.8a 

58043 
57160 
58328 
67644 

50233 
49960 
50323 

7810 
7200 
8005 

12.46 
12.27 
12.52 
12.42 

13.84 
13.76 
13.86 

7.58 
6.99 
7.77 

2417 
2418 
2410 

Lump-100-33 

Lump-100-33 

Lump.100-33 

ATerage 

890 
1778 
816 

+183 
+200 
+145 

+24 
+27 
+20 

1.324 
1.323 
1.324 
1.824 

31652 
31458 
32227 
81770 

28673 
28453 
29121 

2979 
3005 
3106 

6.79 
6.75 
6.92 
6.82 

7.90 
7.84 
8.02 

2  89 
2.92 
3.02 

2425 
2427 
2428 
2442 

Lump-135-55 
Lump-135-55 
Lump-135-55 
Lump-135-55 
ATerage 

193 

570 

406 

1354 

—284 
—436 
—334 
+475 

—45 
—74 
—53 

+74 

1.334 
1.327 
1.341 
1.348 
1.888 

57214 
56071 
58403 
60539 
68007 

49691 
49164 
50549 
52276 



7523 
6907 
7854 
8263 

12.28 
12.03 
12.63 
12.99 
12.46 

13.69 
13.54 
13.93 
14.40 

7.30 
6.71 
7.63 
8.02 

2430 
2434 
2435 

2in.S.-100-33 

2  in.  8.-100-33 

2in.S.-100-33 

ATerage 

1961 
1704 
412 

+611 
+360 
+226 

+88 
+52 
+32 

1.327 
1.329 
1.323 
1.826 

32010 
31914 
33270 
82808 

28826 
28426 
29780 

3184 
3488 
3490 

6.87 
6.85 
7.14 
6.00 

7.94 
7.83 
8.20 

3.00 
3.30 
3.30 

2436 
2437 

2  in.  8.-135-55 

2  in.  8.-135-55 

ATerage 

711 
832 

+  62 
+614 

+11 
+112 

1.350 
1.360 
1.860 

57468 
59814 
68641 

49194 
51249 

8274 
8565 

12.33 
12.84 
12.60 

13.55 
14.12 

8.03 
8.32 

2431 
2432 
2433 

liin.8..100-33 

1  in.S..100.33 

lJin.S.-100-33 

ATerage 

1206 
1262 
1818 

+526 
+249 

+418 

+84 
+38 
+65 

1.329 
1.330 
1.322 
1.827 

33102 
32870 
32961 
82078 

29692 
29448 
29525 

3410 
3422 
3436 

7.10 
7.05 
7.07 
7.07 

8.18 
8.11 
8.13 

8.31 
3.32 
3.34 

2440 
2441 

Hin.8.-135.56 

liin.S.135.55 

ATerage 

1079 
955 

+439 

+457 

+86 
+85 

1.342 
1.355 
1.849 

57956 
59540 
68748 

50272 
51156 

7684 
8384 

12.44 
12.78 
12.61 

13.85 
14.09 

7.46 
8.14 
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Table  21 

Boiler  Performance  — Heat  Transfer,  Equivalent  Evaporation, 

Horse  Power  and  E^fficibnct 


Laboratory 
Designation 

Heat 
Trans- 
fer 
across 
Water 
H.S. 

iSin. 
B.t.u. 

Heat 
Trans- 
fer 
across 
Super- 
Heater 

H.S. 

B.t.u. 

Per  Cent  of 
Evapor- 
ation by 

Equivalent  Evaporation  from 
and  at  212  deffrees  F.— lb. 

BoUer 
Horse- 
Power 

Tmt 

NUM- 
BBB 

Water 
Heat- 

Sur- 
face 

Super- 

Sur- 
face 

Per 
Hour 

per 
Sq.Ft. 

of 
Grate 
Area 

Per 
lb.  of 
Coal 

as 
Fixed 

Per 
lb.  of 
Dry 
Coal 

Per 
lb.  of 
Com- 
bu». 
tible 

Effid- 
en^ 

BoUer 
Per 
Cent 

Code  KV- 
Item  *^ 

656 

607 

668 

669 

660 

666 

2400 
2401 
2402 

M.  R.-100-33 

M.  R.-100-33 

M.  R.-10O-33 

ATarafo 

435096 
430864 
442231 
486064 

46917 
46072 
46713 
46507 

90.3 
90.3 
90.4 

9.7 
9.7 
9.6 

426.4 
421.9 
432.4 

9.44 
9.25 
9.23 
9.81. 

10.28 
10.04 
10.04 
.10.12 

11.46 
11.21 
11.24 

863 
854 
875 
864 

76.89 
74.95 
75.46 
76.77 

2405 
2406 
2429 

M.  R.-135-55 

M.  R.-135-65 

M.  R.-135-55 

ATarafe 

802652 
796819 
804918 
80146S 

120811 
123182 
130612 
124868 

86.9 
86.6 
86.0 

13.1 
13.4 
14.0 

817.0 
813.7 
827.6 

7.75 
8.18 
7.91 
7.95 

8.44 
8.91 
8.64 
8.66 

9.48 
9.93 
9.72 

1653 
1646 
1674 
1668 

64.08 
66.93 
65.10 
66.87 

2408 
2409 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100-33 
Nut-100-33 
AToraffa 

453535 
450798 
446844 
481531 
468177 

49367 
49535 
46383 
49709 
48748 

90.2 
90.1 
90.6 
90.6 

9.8 
9.9 
9.4 
9.4 

444.8 
442.4 
436.4 
469.9 

9.03 
9.23 
8.96 
9.05 
9.07 

9.87 
10.11 
9.82 
9.80 
9.90 

10.93 
11.22 
10.91 
10.89 

900 
896 
883 
961 
907 

73.11 
75.02 
73.05 
73.33 
78.68 

2412 
2413 
2414 

Nut-135-55 
Nut-135.55 
Nut-135-55 
ATeraffa 

812016 
806198 
794562 
804269 

129497 
132223 
132443 
131388 

86.2 
85.9 
85.7 

13.8 
14.1 
14.3 

832.8 
829.9 
820.0 

8.30 
8.35 
8.24 
8.80 

9.11 
9.18 
9.06 
9.11 

10.09 
10.11 
10.00 

1686 
1679 
1659 
1674 

67.67 
67.67 
67.15 
67.60 

2415 
2416 
2423 

Egs-100-33 
EsK-100-33 
EkK-100-33 
ATeraffa 

464843 
461940 
465632 
464138 

48158 
47263 
47191 
47587 

90.6 
90.7 
90.8 

9.4 
9.3 
9.2 

453.9 
450.6 
453.7 

9.33 
9.21 
9.37 
9.80 

10.20 
10.14 
10.28 
10.21 

11.17 
11.20 
11.27 

918 
912 
918 
916 

74.66 
76.09 
75.25 
76.00 

2420 
2422 
2424 

Egg-135.55 
Egg-135-55 
Kgg-135-55 
ATataffe 

813324 
809436 
814798 
812619 

126491 
116617 
129653 
124254 

86.5 
87.4 
86.3 

13.5 
12.6 
13.7 

831.6 
818.9 
835.7 

8.36 
8.26 
8.26 
8.29 

9.16 
9.05 
9.06 
9.09 

10.08 
9.86 
9.93 

1682 
1657 
1691 
1677 

67.46 
66.92 
66.61 
66  66 

2417 
2418 
2419 

Lump-100-33 

Lump-100-33 

Lump-100-33 

ATeraffa 

464290 
460773 
471540 
466584 

48258 
48672 
50316 
49082 

90.6 
90.4 
90.4 

9.4 
9.6 
9.6 

453.5 
460.7 
461.7 

9.21 
8.93 
8.86 
9.00 

10.15 
9.91 
9.80 
9.96 

11.26 
10.97 
11.08 

917 
912 
934 
921 

75.68 
73.57 
74.21 
74.49 

2425 
2427 
2428 
2442 

Lump-135-55 
Lump-135-55 
Lump-135-55 
Lump-135-55 
ATeraffa 

804835 
796173 
818563 
846524 
816524 

121855 
111869 
127214 
133841 
123686 

86.9 
87.7 
86.6 
86.4 

13.1 
12.3 
13.4 
13.6 

819.7 
803.3 
836.7 
867.3 

7.63 
7.14 
7.58 
7.92 
7.67 

8.35 
7.86 
8.35 
8.71 
832 

9.16 
8.75 
9.26 
9.70 

1658 
1626 
1693 
1766 
1684 

61.47 
58.92 
62.14 
66.19 
61.63 

2430 
2434 
2435 

2in.S.-100-33 

2  in.  8.-100-33 

2in.S.-100-33 

ATeraffe 

466957 
460520 
482315 
469931 

51578 
56498 
56522 
64866 

90.1 
89.1 
89.5 

9.9 
10.9 
10.5 

468.6 
467.2 
476.7 

8.38 
8.37 
8.42 
8.89 

9.26 
9.24 
9.26 
9.25 

10.48 
10.42 
10.47 

928 
925 
964 
939 

70.65 
70.24 
70.76 
70.61 

2436 
2437 

2  in.  8.-135-65 
2  in.  8.-135-65 

796631 
830111 
813371 

134016 
138731 
136374 

85.6 
85.7 

14.4 
14.3 

823.3 
857.0 

6.71 
6.77 
6.74 

7.40 
7.46 
7.43 

8.34 
8.49 

1666 
1734 
1700 

66.26 
67.36 
66.80 

2431 
2432 
2433 

lJin.S.-100-33 

1  in.8.-100-33 

Uin.S.-100-33 

ATeraffa 

480723 
476916 
478098 
478679 

55239 
65422 
65647 
66436 

89.7 
89.6 
89.6 

10.3 
10.4 
10.4 

474.3 
470.9 
472.2 

7.66 
7.85 
7.73 
7.76 

8.36 
8.61 
8.45 
8.47 

9.31 
9.78 
9.51 

969. 
963 
965 
966 

.62.81 
66.08 
64.21 
64.37 

2440 
2441 

liin.S.-135-55 

Uin.S.-135^5 

ATeraffa 

814282 
828679 
821481 

124462 
135796 
130129 

86.7 
86.9 

13.3 
14.1 

830.3 
853.0 

6.21 
6.50 
6.86 

6.83 
7.28 
7.06 

7.74 
8.38 

1680 
1726 
1703 

52.28 
66.64 
64.46 
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Table  22 
Enginb  Perfgrmancs 


= : 1 

Laboratory 
Dedgnation 

Cut-Off 

Per 

Cent 

of  Stroke 

Average 

Least 
Back- 
PreMure 
lb.  per 
Sq.in. 
Average 

MesA 
Effective 
Preesure 

Average 

Indicatbd  Horsb  Powm 

Tut 

Right  Side 

Leftside 

NUM- 

Head 
End 

Crank 
End 

Head 
End 

Crank 
End 

Total 

Code  Item  ET" 

678 

707 

706 

706 

710 

711 

2400 
2401 
2402 

M.  R.-ioa^ 
M.  R.-ioa^ 

M.  R..10O^ 

ATenge 

34.0 
33.0 
SS.5 

1.9 
2.1 
2.0 

74.1 
73.7 
73.9 

308.0 
309.3 

32i.3 
320.7 

296.9 
296.1 

298.3 
297.5 

1224.5 
1223.6 
1224.1 

2405 
2406 
2429 

M.  R.-135-55 
M.  R.-135-56 
M.  R.-135-55 

Average 

54.3 
53.7 
55.9 
64.6 

11.7 
12.0 
12.9 
12.2 

96.9 
95.9 
97.5 
96.8 

531.8 
528.7 
529.9 

667.2 
562.8 
572.3 

529.2 
527.0 
546.2 

529.5 
633.0 
642.6 

2157.7 
2151.5 
2191.0 
2166  7 

2408 
2409 
2410 
2426 

Nut-lOO^ 
Nut-100-33 
Nut-lOO^ 
Nut-100-33 

Average 

33.0 
32.4 
31.5 
31.7 
32  2 

2.1 
2.6 
2.3 
2.7 
2.4 

77.9 
77.8 
77.2 
79.6 
78.1 

327.9 
327.6 
326.6 
332.7 

342.0 
338.2 
338.3 
347.1 

309.0 
310.6 
304.9 
312.7 

814.7 
310.1 
311.1 
321.2 

1293.6 
1286.5 
1280.9 
1313.7 
1293  7 

2412 

Nut-185-55 
Nut.135-55 
Nut-135-55 

Average 

2413 
2414 

55.7 
59.3 
57.6 

11.7 
11.9 
11.8 

98.0 
98.9 
96.0 

547.6 
551.5 

576.3 
581.5 

536.8 
542.0 

539.6 
546.8 

2200.3 
2221.8 
2211  1 

2415 
2416 
2423 

EKg-100-38 
Egg-100-33 
Egg-100-33 

Average 

32.4 
33.3 
32.2 
32.6 

2.7 
2.4 
2.4 
2.0 

79.6 
80.0 
78.4 
79.3 

331.7 
334.2 
330.1 

850.0 
351.6 
336.6 

311.7 
317.4 
312.6 

320.3 
321.2 
311.9 

1313.7 
1324.3 
1291.1 
1309  7 

2420 
2422 
2424 

Egg-135-55 
Egg-135-55 
Egg-135-55 

Average 

57.2 
58.2 
56.6 
07.3 

13.0 
13.0 
12.9 
13.0 

97.3 
97.9 
98.3 
97.8 

540.4 
552.5 
547.6 

571.5 
580.2 
585.8 

536.3 
533.2 
544.0 

540.5 
548.4 
542.6 

2188.7 
2214.3 
2220.0 
2907  7 

2417 
2418 
2419 

Lump-100-33 
Lump-100-33 
Lump-100-33 

Average 

36.3 
33.5 
32.7 
84.2 

2.2 
2.6 
2.8 
2.0 

80.0 
80.1 
79.7 
79.9 

335.5 
338.8 
335.0 

350.3 
360.8 
351.9 

320.1 
320.0 
314.4 

317.3 
320.0 
319.7 

1323.2 
1329.6 
1321.0 
1324.6 

2425 
2427 
2428 
2442 

Lump-135-55 

Lump-135-55 

Average 

56.0 
55.7 
55.1 
56.5 
06.8 

12.2 
12.5 
12.3 
12.0 
12.3 

97.8 
96.2 
97.8 
98.5 
97.6 

546.5 
533.3 
541.3 
546.1 

572.3 
566.8 
571.4 
576.5 

535.5 
532.1 
543.1 
535.4 

547.1 
537.5 
544.7 
637.5 

2201.4 
2169.7 
2200.5 
2198.5 
2192  6 

2430 
2434 
2435 

2  in.  8.-100-33 
2  in.  S.-100-33 
2  in.  S.-100-33 
Average 

32.6 
33.6 
34.9 
83.7 

2.5 
2.8 
3.0 
2.8 

78.5 
80.3 
82.1 
80.3 

328.8 
337.3 
352.9 

345.5 
345.0 
360.0 

313.6 
321.0 
331.9 

317.0 
311.2 
320.4 

1304.9 

1314.5 

-1365.2 

1328.2 

2436 
2437 

2  in.  8.-135-55 
2  in.  S.-135-55 
Average 

56.8 
56.9 
06.9 

12.4 
12.7 
12.6 

95.2 
100.0 
97.6 

527.2 
563.6 

559.3 
585.5 

524.4 
550.9 

515.4 
543.5 

2126.3 
2243.5 
2184.9 

2431 
2432 
2433 

IJ  in.  S.-lOO^ 

H  in.  8.-100-33 

l{  in.  S.-100-33 

Average 

33.9 
34.0 
33.2 
33.7 

2.9 
3.3 
3.0 
3.1 

79.9 
80.8 
79.1 
79.9 

337.2 
339.4 
334.3 

353.8 
356.3 
342.6 

321.9 
323.3 
318.7 

317.0 
324.1 
314.6 

1329.9 
1343.1 
1810.2 
1327.7 

2440 
2441 

li  in.  S.-135-65 

iJ  in.  S.-135-55 

Average 

58.2 
55.6 
06.9 

11.4 
12.2 
11.8 

99.3 
99.7 
99.0 

544.5 
550.5 

580.1 
587.3 

546.7 
544.8 

544.3 
549.0 

2215.6 
2231.6 
2223  6 
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Table  23 
General  Locomotitb  Performancb 


Laboratory 
Designation 

Coneumedper 

I.  H.  P.  per 

Hour 

Draw- 
bar 
Horee- 
Power 

Consumed  per 

D.  H.  P.  per 

Hour 

Trao- 

tive 
Foroe 
Based 

on 

M.E.P. 

lb. 

Ma- 

ehine 
Frietion 

Term* 

Horse- 
power 

Ma- 
chine 

Loco- 
motive 
Per 
Cent 

Effi- 
oienoy 

Tut 

NUM- 

Dry 

Coal 

lb. 

8uper- 

Heated 

Steam 

lb. 

Dry 

Coal 

lb. 

Super- 
Heated 
Steam 
lb. 

Loco- 
motive 
Per 

Cent 

Code  Item  0r 

784 

740 

748 

744 

747 

784 

770 

778 

779 

2400 

M.  R.-10O^ 
M.  R.-100-33 
M.  R.-100-33 

ATenife 

1108.6 
1095.2 
1104.6 
U08.8 

2.60 
2.67 
2.72 
2.0$ 

20.27 
20.32 
20.76 
20.40 

7.55 
7.33 
7.25 
7.88 

2401 
2402 

2.39 
2.46 
2. 48 

18.18 
18.74 
18.46 

24288 
24166 
24277 

129.3 
119.0 
124.2 

89.4 
90.3 
88.9 

2405 
2406 
2429 

M.  R.-135-55 
M.  R.-135-55 
M.  R.-135-55 

3.14 
2.95 
3.07 
8.06 

19.63 
19.40 
19.65 
19.06 

1954.4 
1963.8 
1965.2 
1961.1 

3.48 
3.23 
3.42 
8.88 

21.68 
21.25 
21.91 
21.61 

31766 
31457 
31962 
81728 

203.3 
187.7 
225.8 
906.6 

90.6 
91.3 
89.7 
90.6 

5.72 
6.09 
5.78 
6.86 

2408 
2409 
2410 
2426 

Nut-lOO^ 
Nut-100^ 
Nut-100-33 
Nut-100^ 

ATerage 

2.42 
2.36 
2.41 
2.53 
8.48 

17.93 
17.98 
17.93 
18.72 
U.14 

1138.4 
1129.7 
1133.5 
1139.9 
1186.4 

2.75 
2.69 
2.73 
2.91 
8.77 

20.38 
20.47 
20.26 
21.57 
20.87 

25563 
25524 
25333 
26088 
20627 

155.2 
156.8 
147.4 
173.8 
108.8 

88.0 
87.8 
88.5 
86.8 
87.8 

7.07 
7.24 
7.16 
6.73 
7.00 

2412 

Niit-135.55 
Nut-135-55 
Nui.135-55 

ATetage 

1988.7 
1993.0 
1994.9 
1992.2 

3.21 
3.16 
3.17 
8.U 

21.60 
21.36 
21.17 
21.88 

6.07 
6.12 
6.14 
6.U 

2413 
2414 

2.86 
2.85 
8.86 

19.34 
19.00 
18.17 

32134 
32438 
82286 

207.3 
226.9 
217.1 

90.6 
89.8 
90.2 

2416 
2416 
2423 

Egg-100-33 
Eg8-100-33 
Ekk-100-33 

Average 

2.34 
2.33 
2.36 
8.84 

18.01 
17.86 
18.41 
18.09 

1150.1 
1167.6 
1131.0 
1149.6 

2.67 
2.64 
2.70 
8.87 

20.58 
20.26 
21.02 
20.62 

26091 
26208 
25725 
26006 

163.6 
156.7 
160.1 
160.1 

87.6 
88.2 
87.6 
87.8 

7.19 
>.34 
7.10 
7.21 

2420 
2422 
2424 

Egg-135.55 
Ekk-135-55 
Egg-135-55 

Average 

2.90 
2.86 
2.92 
8.89 

19.83 
19.40 
19.63 
19.62 

1991.6 
2001.4 
2003.4 
1998.8 

3.19 
3.17 
3.23 
8.20 

21.79 
21.46 
21.75 
21.87 

31922 
32123 
32256 
82100 

197.1 
212.9 
216.6 
208.9 

91.0 
90.4 
90.2 
90.0 

6.04 
6.03 
5.96 
6.01 

2417 
2418 
2419 

Lump-lOO-33 
Lump-lOO-33 
Lump-100-33 

Average 

2.34 
2.37 
2.48 
8.40 

17.92 
17.73 
18.31 
17.99 

1160.7 
1168.6 
1162.2 
1168.8 

2.67 
2.70 
2.81 
2.78 

20.43 
20.17 
20.81 
20.47 

26257 
26257 
26116 
26210 

162.5 
161.0 
155.8 
109.8 

87.7 
87.9 
88.0 
87.9 

7.31 
7.22 
7.05 
7.19 

2425 
2427 
2428 
2442 

Lump-135-55 
Lump-135-55 
Lump-135-55 
Lump-135-55 

Average 

3.13 
3.32 
3.20 
3.14 
8.20 

19.61 
19.68 
19.95 
20.24 
19.87 

1957.8 
1919.6 
1963.8 
1989.6 
1907.7 

3.52 
3.76 
3.59 
3.45 
8.08 

22.05 
22.24 
22.35 
22.34 
22.20 

32076 
31554 
31869 
32339 
31960 

243.6 
250.1 
236.7 
208.9 
284.8 

88.9 
88.5 
89.2 
90.5 
88.8 

5.47 
5.23 
5.44 
5.68 
0.48 

2430 
2434 
2435 

2  in.  8.-100-33 
2  in.  S.-100-33 
2  in.  S.-100-33 
Average 

2.58 
2.59 
2.61 
2.09 

18.02 
18.00 
18.25 
18.09 

1160.7 
1152.2 
1179.1 
1164.0 

2.90 
2.96 
3.02 
8.86 

20.26 
20.53 
21.13 
20.64 

25743 
26342 
26932 
26889 

144.2 
162.3 
186.1 
164.2 

89.0 
87.7 
86.4 
87.7 

6.88 
6.74 
6.63 
670 

2436 
2437 

2  in.  8.-135-55 
2  in.  S.-135-55 
Average 

3.64 
3.53 
3.09 

19.86 
19.33 
19.00 

1905.6 
1980.4 
1943.0 

4.07 
3.99 
4.03 

22.16 
21.90 
22.03 

31207 
32780 
31994 

220.7 
263.1 
241.9 

89.6 
88.3 
89.0 

4.90 
5.05 
4.98 

2431 
2432 
2433 

U  in.  S.-100-33 

1    in.  S.-100-33 

li  in.  8.-100-33 

Average 

2.92 
2.81 
2.93 
2  89 

18.32 
18.22 
18.71 
18.42 

1133.4 
1161.6 
1141.0 
1140.3 

3.42 
3.26 
3.36 
3.80 

21.50 
21.06 
21.48 
21.80 

26213 
26498 
25937 
26216 

196.5 
181.5 
169.2 
182.4 

85.2 
86.5 
87.1 
86.8 

5.77 
6.18 
5.92 
0.96 

2440 
2441 

U  in.  8.-135-56 

IJ  in.  8.-135-55 

Average 

3.79 
3.6.3 
3.71 

19.29 
19.48 
19.39 

1977.2 
2006.7 
1992.0 

4.25 
4.04 
4.10 

21.62 
21.67 
21.60 

32568 
32682 
82620 

238.4 
224.9 
281.7 

89.2 
89.9 
89.6 

4.73 
5.05 
4.89 
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Table  24 
Analysis  of  Ash  and  Stack  Cinders 


Labormiory 
Dengnation 

ANALTaia  OF  Abb 

Analtsu  of  Stack  Cikdbm 

T«8T 

Num- 
ber 

Fixed 

Carbon, 

Per 

Cent 

Vola- 

tUe 

Matter. 

Per 

Cent 

Aah. 
Per 
Cent 

Moia- 

Par 
Cent 

Fixed 

Carbon. 

Per 

Cent 

Vola- 
tile 
Matter. 
Per 

Cent 

Ash. 
Per 
Cent 

Moia- 
ture. 
Per 
Cent 

Code  Item  ^r 

888 

888 

847 

848 

2400 
2401 
2402 

M.  R.-100-33 
M.  R.-100-33 
M.  R.-100-33 

AT«raf« 

19.92 
18.30 
15.42 
17.88 

4.63 
2.75 
3.16 
8.61 

74.11 
78.85 
81.07 
78.01 

1.34 
0.10 
0.35 
0.60 

53.88 
55.49 
55.47 
64.96 

4.87 
4.28 
4.05 
4.40 

40.27 
39.48 
39.78 
88.64 

0.98 
0.76 
0.70 
0.81 

2405 
2406 
2429 

M.  R.-185-55 
M.  R.-136-55 
M.  R.-135-55 

ATeraffe 

24.48 
25.34 
27.83 
26.88 

3.34 
2.11 
3.35 
8.98 

71.92 
71.77 
67.97 
70.66 

0.26 
0.78 
0.85 
0.68 

73.75 
73.86 
72.91 
78.61 

4.08 
2.91 
3.37 
8.46 

21.98 
22.80 
23.47 
88.76 

0.19 
0.43 
0.25 
0.89 

2408 
2400 
2410 
2426 

Nut-100-33 
Nut-100-33 
Nut-100-33 
Nut-100-33 

16.64 
21.25 
14.03 
13.65 
16.89 

2.26 
2.50 
2.08 
1.70 
8.14 

76.82 
73.68 
82.56 
77.29 
77.69 

4.28 
2.57 
1.33 
7.36 
8.89 

51.75 
48.87 
52.04 
56.35 
68.86 

4.73 
4.47 
5.57 
3.55 
4.68 

42.27 
42.69 
40.94 
39.08 
41.86 

1.25 
3.97 
1.45 
1.02 
1.98 

2412 
2413 
2414 

Nut-135-65 
Nut-136-55 
Nut-136-55 

AT«rafO 

21.86 
21.35 
22.43 
21.88 

1.60 
1.83 
1.45 
1.69 

76.39 
75.32 
75.92 
76.88 

0.25 
1.50 
0.20 
0.66 

74.99 
73.36 
71.77 
78.87 

1.87 
2.15 
2.80 
8.87 

23.02 
24.37 
25.39 
84.86 

0.12 
0.12 
0.04 
0.09 

2415 
2416 
2423 

Egg-100-33 
Egg-100-33 
Egg-100-33 

ATartfe 

19.88 
21.28 
24.21 
21.79 

2.51 
2.62 
2.70 
8.61 

77.26 
73.93 
72.38 
74.68 

0.35 
2.17 
0.71 
1.06 

51.03 
52.30 
55.04 
68.79 

4.10 
4.33 
3.94 
4.18 

44.84 
43.00 
39.13 
48.88 

0.03 
0.37 
1.89 
0.T8 

2420 
2422 
2424 

Egg-135-55 
Egg-135-55 
Egg-135-55 

ATartfo 

31.55 
22.16 
28.48 
87.40 

2.00 
1.32 
2.27 
1.86 

66.23 

76.26 

69.20 

•  70.66 

0.22 
0.26 
0.05 
0.18 

74.44 
77.32 
71.82 
74.68 

2.67 
2.04 
3.31 
8.87 

22.78 
20.60 
24.70 
88.89 

0.11 
0.04 
0.17 
O.U 

2417 
2418 
2419 

Lump-100-33 
Lump-100-33 
Lump-100-33 

ATarago 

22.39 
21.64 
21.31 
81.78 

1.95 
4.14 
2.88 
8.99 

75.55  1      0.11 
72.54          1.68 
74.06  1       1.75 
74.06  •       1.18 

48.94 
48.27 
44.59 
47.87 

5.02 
4.88 
5.11 
6.00 

45.49 
46.26 
48.59 
46.78 

0.55 
0.59 
1.71 
0.96 

2425 
2427 
2428 
2442 

Lump-1 35-55 
Lump- 135-55 
Lump-1 35-55 
Lump- 135-55 

ATaraga 

22.45 
32.52 
28.99 
29.61 
88.89 

2.39 
1.42 
1.38 
2.38 
1.89 

67.76  '       7.40 
65.98  ,       0.08 
69.58  1       0.05 

66.77  1       1.24 
87.68  '      8.19 

73.00 
73.56 
73.61 
69.58 
78.44 

2.84 
2.88 
2.26 
3.22 
8.80 

24.05 
23.28 
23.93 
26.92 
84.66 

0.11 
0.28 
0.20 
0.28 
0.88 

2430 
2434 
2435 

2  in.  S.-100-33 
2  in.  8.-100-33 
2  in.  S.-100-33 
ATarage 

20.33 
19.71 
19.30 
19.78 

5.64 
6.52 
6.69 
6.88 

65.86  1       8.17 
71.22         2.55 
57.81  1     16.20 
64.96         8.97 

61.08 
61.57 
58.19 
60.88 

5.43 
5.86 
6.24 
6.64 

32.37 
31.75 
34.14 
88.76 

1.12 
0.83 
1.43 
1.18 

2436 
2437 

2  in.  8.-135-55 
2  in.  S.-135-55 
ATaraga 

26.39 
23.16 
84.78 

4.31 
5.26 
4.79 

68.14  ;        1.16 
70.09          1.49 
69.12  ;       1.88 

66.06 
63.32 
64.69 

8.14 
13.67 
10.91 

25.64 
19.88 
88.76 

0.16 
3.13 
1.66 

2431 
2432 
2433 

U  in.  S.-100-33 

U  in.  8.-100-33 

IJin.  S.-100-33 

ATarage 

21.38 
21.66 
23.01 
88.02 

7.66 
10.17 
7.04 
8.29 

69.41 
61.67 
67.85 
66.31 

1.55 
6.50 
2.10 
3.88 

65.98 
63.95 
69.86 
66  60 

7.13 
7.06 
5.90 
6.70 

26.44 
28.48 
23.75 
86.88 

0.45 
0.51 
0.49 
0.48 

2440 
2441 

U  in.  S.-135-55  1     21.23 

IJin.  S.-135-55      24.50 

ATarage     22.87 

5.89 
7.09 
6.48 

69.56 
66.24 
87.90 

3.32 
2.17 
8.76 

67.35 
69.57 
66.46 

8.54 
8.47 
8.61 

23.87 
21.50 
88.69 

0.24 
0.46 
0.86 
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Table  25 
Heat  Balance — British  Thebmal  Untto 


B.t.11.  Loaa  pbb  Poxtkd  of  Coal  as  Fibbo 

ti-j 

■oruea 

Due  to  Incomplete 

Due 

Due 

Tbw 

NUM- 
BXB 

Laboratory 
Designation 

BoiLr 
per  lb. 

of 
Coal 

Due 
to 
Mois- 
ture 

Due 
to 
Mois- 
ture 

Due 
to 

dro- 

Due 
to 
Es- 

Combustion 

to 
Corn- 
bus- 
Uble 

in 

Due 
to 
Com- 
bus- 
tible 

to 
Radi- 

ation, 

and 

Unac- 

at 
Fired 

m 
Coal 

m 
Air 

gen 

in 

Coal 

G^ 

CO 

«a 

CH 

Stack 
Cin- 
ders 

in 
Ash 

count- 
ed 
for 

Sl'er 

661 

662 

668 

864 

666 

666 

660 

669 

2400 

M.  R.-100-33 

9173 

102 

42 

483 

1419 

49 

11 

8 

265 

103 

275 

2401 

M.  R.-100-33 

8988 

99 

41 

487 

1408 

76 

5 

5 

254 

209 

421 

2402 

M.  R.-100-33 

8969 

102 

52 

482 

1331 

107 

0 

23 

267 

93 

460 

ATeriffe 

9048 

101 

46 

484 

1886 

77 

6 

12 

262 

166 

666 

2405 

M.  R.-135-55 

7531 

109 

25 

487 

1239 

222 

35 

78 

1067 

246 

714 

2406 

M.  R.-135-55 

7949 

108 

24 

506 

1286 

416 

8 

24 

934 

263 

358 

2429 

M    R.-135-55 

7686 

112 

13 

498 

1342 

120 

14 

40 

973 

307 

701 

ATence 

7722 

110 

21 

497 

1289 

266 

19 

47 

991 

272 

691 

2408 

Nut-100-33 

8776 

112 

23 

503 

1505 

204 

33 

51 

146 

113 

539 

2409 

Nut-100-33 

8969 

114 

24 

498 

1430 

214 

20 

74 

164 

156 

292 

2410 

NutrlOO^ 

8706 

110 

24 

497 

1367 

168 

27 

47 

174 

153 

646 

2426 

Nut-100-33 

8794 

99 

18 

499 

1355 

189 

39 

46 

250 

96 

608 

ATeriffe 

8611 

109 

42 

499 

1414 

194 

SO 

66 

184 

ISO 

621 

2412 

Nut-135-55 

8065 

117 

17 

475 

1199 

568 

66 

230 

633 

190 

358 

2413 

Nutrl35-55 

8114 

119 

16 

471 

1336 

241 

106 

234 

619 

104 

630 

2414 

Nut-135-55 

8007 

118 

21 

504 

1384 

258 

63 

50 

598 

212 

707 

kw9ng9 

8062 

118 

16 

486 

1S06 

S66 

76 

171 

617 

169 

666 

2415 

Egg-100-33 

9066 

109 

36 

506 

1526 

108 

16 

47 

184 

184 

362 

2416 

Ekk-100-33 

8949 

117 

35 

512 

1564 

66 

0 

0 

178 

195 

301 

2423 

Egg-100-33 

9105 

115 

18 

521 

1437 

90 

5 

15 

173 

180 

440 

ATange 

9040 

U4 

80 

618 

1609 

68 

7 

21 

176 

166 

S68 

2420 

Egg-135-55 

8123 

114 

22 

520 

1259 

178 

14 

31 

777 

349 

656 

2422 

Egg-135-55 

8026 

116 

25 

526 

1355 

157 

44 

49 

759 

219 

899 

2424 

Egg-135-55 

8026 

117 

20 

527 

1324 

173 

23 

48 

807 

319 

665 

ATeraga 

6066 

U6 

22 

624 

131S 

169 

27 

43 

781 

296 

740 

■  2417 

Lump -100-33 

8949 

120 

29 

486 

1519 

59 

0 

13 

160 

256 

236 

2418 

Lump -100-33 

8677 

127 

29 

482 

1480 

52 

3 

3 

146 

266 

529 

2419 

Lump -100-33 

8609 

128 

27 

493 

1411 

82 

7 

15 

166 

305 

358 

8746 

126 

28 

487 

1470 

64 

S 

10 

167 

276 

S74 

2425 

Lump -135-55 

7414 

115 

16 

489 

1309 

266 

54 

131 

794 

92 

1382 

2427 

Lump -135-56 

6938 

121 

12 

499 

1115, 

530 

12 

21 

831 

558 

1139 

2428 

Lump -135-55 

7366 

124 

13 

493 

1274 

311 

51 

67 

734 

307 

1113 

2442 

Lump -135-55 

7696 

120 

10 

502 

1305 

127 

15 

38 

810 

391 

792 

ATaraga 

7864 

120 

IS 

496 

1261 

S09 

88 

64 

792 

SS7 

1107 

2430 

2  in.  8.-100-33 

8143 

122 

13 

500 

1252 

141 

24 

57 

776 

143 

372 

2434 

2  in.  8.-100-33 

8133 

121 

15 

513 

1303 

70 

2 

18 

847 

180 

378 

2435 

2in.S.-100-33 

8182 

115 

11 

512 

1283 

124 

4 

0 

858 

118 

357 

ATaraga 

6168 

U9 

IS 

606 

1279 

112 

10 

26 

827 

147 

669 

2436 

2  in.  8.-135-55 

6520 

124 

11 

520 

1357 

195 

29 

88 

1396 

221 

1131 

2437 

2in.S.-135-55 

6578 

122 

9 

514 

1150 

212 

45 

58 

1642 

193 

946 

ATaraga 

6649 

123 

10 

617 

1264 

204 

87 

78 

1619 

207 

1039 

2431 

lJin.a.100-33 

7443 

107 

21 

513 

1160 

136 

0 

0 

1408 

203 

860 

2432 

1  in.8..100-33 

7628 

111 

25 

492 

1180 

97 

6 

9 

1337 

190 

468 

2433 

1  in.S.-100-33 

7511 

110 

19 

502 

1252 

100 

22 

18 

1167 

204 

793 

ATaraga 

7687 

106 

22 

602 

1197 

111 

9 

9 

1S04 

199 

707 

2440 

Uin.S..135.55 
ljin.8.-135.55 

6034 

122 

8 

451 

1082 

424 

98 

423 

1762 

203 

934 

2441 

6316 

144 

8 

480 

1082 

231 

54 

129 

1780 

147 

780 

ATaraga 

6176 

188 

6 

466 

1062 

826 

76 

276 

1771 

176 

667 
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Table  26 
Heat  Balance — ^Percentage 


LaboTAiory 
DeeignAtioii 

Pbb  Cbmt  or  Hbat  of  Coal  as  Fibbd 

Ab- 
lorbed 

Bo^er 

To 
Moia- 
tura 

in 
Coal 

To 
Moia- 
tura 
in 
Air 

To 
Hy- 
dro- 

•ST 

Coal 

To 
Ea- 
oap- 

dSLa 

Combuation 

To 
Com- 
bua- 
table 

in 
Stack 
Cin- 
dera 

To 
Com- 
bua- 
tibia 

in 

Aah 

To 
Radi- 
ation 

and 
Unae- 
ooont- 

ad 

for 

Taar 

NUM- 

CO 

H, 

CH^ 

Code». 
Item  •^^ 

881 

888 

888 

884 

886 

888 

880 

809 

2400 
2401 
2402 

M.  IL-lOO^ 
M.  R.-100^ 
M.  R.-100^ 

ATVlff* 

76.9 
75.0 
75.5 
76.8 

0.9 
0.8 
0.9 
0.9 

0.4 
0.8 
0.4 
0.4 

4.0 
4.1 
4.1 
4.1 

11.9 
11.7 
11.2 
11.8 

0.4 
0.6 
0.9 
0.6 

0.1 
0.0 
0.0 
0.0 

0.1 
0.0 
0.2 
0.1 

2.2 
2.1 
2.2 
2.2 

0.9 
1.7 
0.8 
1.1 

2.2 
8.7 
3.8 
8.2 

2406 
2406 
2420 

M.  R..135-55 

M.  R.-136^ 

ATMiffe 

64.1 
66.9 
65.1 
85.4 

0.9 
0.9 
1.0 
0.9 

0.2 
0.2 
0.1 
0.2 

4.1 
4.3 
4.2 
4.2 

10.5 
10.8 
11.4 
10.9 

1.9 
8.5 
1.0 
2.1 

0.3 
0.1 
0.1 
0.2 

0.7 
0.2 
0.3 
0.4 

9.1 
7.9 
8.2 
8.4 

2.1 
2.2 
2.6 
2.8 

6.1 
3.0 
6.0 
6.0 

2408 
2409 
2410 
2426 

Nut-lOO^ 
Nut-lOO^ 
Nut-lOO^ 
Nut-100-d3 
ATtnc^ 

78.1 
75.0 
78.1 
73.3 
TS.6 

0.9 
1.0 
0.9 
0.8 
0.9 

0.2 
0.2 
0.2 
0.1 
0.2 

4.2 
4.2 
4.2 
4.2 
4.2 

12.5 
12.0 
11.5 
11.3 
U.8 

1.7 
1.8 
1.4 
1.6 
1.6 

0.8 
0.2 
0.2 
0.3 
0.8 

0.4 
0.6 
0.4 
0.4 
0.6 

1.2 
1.4 
1.5 
2.1 
1.6 

0.9 
1.3 
1.8 
0.8 
1.1 

4.6 
2.3 
5.3 
5.1 
4.8 

2412 
2413 
2414 

Nui.135-55 
Nut-135-55 
Nui.135-65 
ATtftffe 

67.7 
67.7 
67.2 
87.5 

1.0 
1.0 
1.0 
1.0 

0.1 
0.1 
0.2 
0.1 

4.0 
3.9 
4.2 
4.0 

10.1 
11.1 
11.6 
10.9 

4.8 
2.0 
2.2 
8.0 

0.6 
0.9 
0.5 
0.7 

1.9 
2.0 
0.4 
1.4 

5.3 
5.2 
5.0 
6.2 

1.6 
0.9 
1.8 
1.4 

2.9 
5.2 
5.9 
4.7 

2415 
2416 
2423 

EgB-lOO^ 
Egf-100^ 
Eg8-100-33 
AT0nff« 

74.7 
75.1 
75.3 
76.0 

0.9 
1.0 
1.0 
1.0 

0.3 
0.3 
0.2 
0.8 

4.2 
4.3 
4.3 
4.8 

12.6 
13.1 
11.9 
12.6 

0.9 
0.6 
0.7 
0.7 

0.1 
0.0 
0.0 
0.0 

0.4 
0.0 
0.1 
0.2 

1.5 
1.5 
1.4 
1.6 

1.5 
1.6 
1.5 
1.6 

2.9 
2.5 
3.6 
8.0 

2420 
2422 
2424 

Ect-135-55 
Eks-135-55 
Egg-135.55 
Af9ng9 

67.5 
65.9 
66.6 
88.7 

1.0 
1.0 
1.0 
1.0 

0.2 
0.2 
0.2 
0.8 

4.3 
4.3 
4.4 
4.8 

10.4 
11.1 
11.0 
10.8 

1.5 
1.3 
1.4 
1.4 

0.1 
0.4 
0.2 
0.2 

0.3 
0.4 
0.4 
0.4 

6.5 
6.2 
6.7 
6.6 

2.9 
1.8 
2.7 
2.6 

5.3 
7.4 
5.4 
6.0 

2417 
2418 
2419 

Lump -100-33 

Lump -100-33 

Lump -100-33 

AT0nff« 

75.7 
73.6 
74.2 
74.6 

1.0 

1.1 
1.1 
1.1 

0.2 
0.2 
0.2 
0.2 

4.1 
4.1 
4.2 
4.1 

12.8 
12.5 
12.2 
12.6 

0.5 
0.4 
0.7 
0.6 

0.0 
0.0 
0.1 
0.0 

0.1 
0.0 
0.1 
0  1 

1.4 
1.2 
1.4 
1.8 

2.2 
2.3 
2.6 
2.4 

2.0 
4.6 
3.2 
8.8 

2425 
2427 
2428 
2442 

Lump -135-55 
Lurap -135-55 
Lump -135-55 
Lump -135-55 
ATarafff 

61.5 
58.9 
62.1 
63.2 
81.9 

1.0 
1.0 
1.0 
1.0 
1.0 

0.1 

0.1 

0.1 

0.1. 

0.1 

4.1 
4.2 
4.2 
4.3 
4.2 

10.9 
9.5 
10.8 
11.0 
10.6 

2.2 
4.5 
2.6 
1.1 
2.8 

0.5 
0.1 
0.4 
0.1 
0.8 

1.1 

0.2 
0.6 
0.3 
0.8 

6.6 
7.1 
6.2 
6.9 
6.7 

0.8 
4.7 
2.6 
3.3 
2.9 

11.2 
9.7 
9.4 
6.7 
9.8 

2430 
2434 
2435 

2in.S.-10O-33 

2  in.  8.-100-33 

2in.S.-100-33 

Arenff* 

70.6 
70.2 
70.8 
70.6 

1.1 
1.1 

1.0 

1.1 

0.1 
0.1 
0.1 
0.1 

4.3 
4.4 
4.4 
4.4 

10.8 
11.3 
11.1 
11.1 

1.2 
0.6 
1.1 
1.0 

0.2 
0.0 
0.0 
0.1 

0.5 
0.2 
0.0 
0.2 

6.7 
7.3 
7.4 
7.1 

1.2 
1.6 
1.0 
1.8 

3.3 
3.2 
3.1 
8.2 

2436 
2437 

2in.S.-135-56 

2in.S.-135-55 

AT6nc« 

56.3 
57.4 
68  9 

1.1 
1.1 
1.1 

0.1 
0.1 
0.1 

4.5 
4.5 
4  6 

11.7 
10.0 
10.9 

1.7 
1.9 
1.8 

0.3 
0.4 
0.4 

0.8 
0.6 
0.7 

12.1 
14.3 
18.2 

1.9 
1.7 
1.8 

9.5 
8.1 
8.8 

2431 
2432 
2433 

lim.S..100-33 

l}in.S.-100^ 

llm.S.-100^ 

ATara^e 

62.8 
66.1 
64.2 
84  4 

0.9 
1.0 
0.9 
0.9 

0.2 
0.2 
0.2 
0.8 

4.3 
4.3 
4.3 
4.8 

9.8 
10.2 
10.7 
10.2 

1.2 
0.8 
0.9 
1.0 

0.0 
0.1 
0.2 
0  1 

0.0 
0.1 
0.2 
0.1 

11.9 
11.6 
10.0 
11.2 

1.7 
1.7 
1.8 
1.7 

7.2 
3.9 
6.6 
69 

2440 
2441 

Hm.S..135-55 

lim.8.-135.55 

AT«rafa 

52  3 
66.6 
64.6 

1.1 
1.3 
12 

0.1 
0.1 
0.1 

3.9 
4.3 
4.1 

9.4 
9.7 
9.8 

3.7 
2.1 
2.9 

0  9 
0.6 
0.7 

3.7 
1.2 
2.6 

15.3 
16.0 
16.7 

1.8 
1.3 
1.6 

7.8 
6.9 
74 
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Pig.  29.    Graphical  Loo  fob  Medium  Rate  Test  No.  2416 
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Fio.  30.    Graphioal  Loo  roR  High  Batb  Test  No.  2405 
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APPENDIX  IV 
Cylinder  Performance 
The  main  purpose  of  the  tests  entailed  the  definition  of  the  boiler 
performance  at  only  two  rates  of  evaporation.  This  necessitated  tests 
under  only  two  conditions  of  speed  and  cut-oflf,  which  presented  but 
little  opportunity  to  gather  data  concerning  the  performance  of  the 
cylinders.  Indicator  cards  were  taken  during  all  tests,  under  these 
conditions;  but  it  proved  impracticable  to  hold  the  locomotive  for 
the  determination  of  cylinder  performance  at  other  speeds  and  cut- 
offs, as  had  been  originally  intended.  The  available  facts  concerning 
cylinder  performance  are  presented  in  detail  for  each  of  the  tests 
in  Tables  17,  21  and  22  of  Appendix  III,  and  their  average  values 
at  both  combinations  of  speed  and  cut-off  are  stated  in  the  following 
sections.  Representative  indicator  cards  are  reproduced  in  Fig.  31, 
and  the  data  relating  to  them  appear  in  Table  27. 

32.  Medium  Bate  Tests. — All  medium  rate  tests  were  run  with 
the  reverse-lever  in  the  second  notch  from  the  center  of  the  quadrant, 
giving  a  cut-off  of  about  33  per  cent.  The  speed  was  maintained 
as  nearly  as  possible  at  100  revolutions  per  minute,  which  is  equiva- 
lent to  19.0  miles  per  hour  on  the  road. 

The  average  indicated  horse  power  was  1305.  It  varied  from 
1224  to  1365. 

The  average  drawbar  pull  was  22640  pounds.  The  average  indi- 
cated horse  power  consumed  in  machine  friction  was  160. 

The  steam  consumed  per  indicated  horse  power  per  hour  varied 
from  a  minimum  of  17.73  pounds  to  a  maximum  of  18.74  pounds; 
and  the  average  for  all  medium  rate  tests  was  18.18  pounds. 

33.  High  Bate  Tests, — ^All  high  rate  tests  were  run  with  the 
reverse-lever  in  the  sixth  notch  from  the  center,  giving  a  cut-off  of 
about  55  per  cent.  The  speed  was  maintained  as  nearly  as  possible 
at  135  revolutions  per  minute,  which  is  equivalent  to  25.7  miles  per 
hour. 

The  average  indicated  horse  power  was  2196.  It  varied  from  2126 
to  2243. 

The  average  drawbar  pull  was  28826  pounds.  The  average  indi- 
cated horse  power  consumed  in  machine  friction  was  223. 

The  steam  consumed  per  indicated  horse  power  per  hour  varied 
from  a  minimum  of  19.00  pounds  to  a  maximum  of  20.24  pounds; 
the  average  for  all  high  rate  tests  was  19.58  pounds. 
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34.  Variations  in  Power. — ^Despite  the  fact  that  both  the  reverse- 
lever  position  and  the  speed  were  maintained  constant  during  all 
medium  rate  and  during  all  high  rate  tests,  there  was  during  the 
progress  of  the  work  considerable  variation  in  indicated  horse  power  in 
both  groups.  In  general  the  power  increased  as  time  went  on.  An 
almost  identical  variation  occurs  in  the  areas  of  the  indicator  cards. 
Neither  the  variations  in  water  rate  nor  in  superheat  offer  an  adequate 
explanation  for  these  facts.  It  is  assumed  that  they  are  due  chiefly 
to  changes  in  steam  distribution  brought  about  by  wear  in  the  valve 
gear. 


Fio.  31.    Bepresbntative  Indicator  Diagrams  for  Both  the  Medium 
AND  THE  High  Bats  Tests 

Table  27 
Information  Concerning  the  Indicator  Diagrams  Shown  in  Fig.  37 


LaboTAtory 
DeeignAtioD 

Diagrun 

Right  or 

Head  or 
Crank  End 

Av6ra0i 

Cut-off 

for 

Test 

Percent 

Average  Speed  for  Teet 

Tmt 

NUM- 

Miles  per 
Hour 

Revolutions 
perBfinute 

2416 
2416 
2416 
2416 

Egg-lOO^ 
Egg-lOO-33 
Egg-lOO-33 
Egg-lOO-33 

1 
2 
3 

4 

R 
R 
L 

L 

h 

C 

h 

C 

31.0 
33.8 
36.0 
32.3 

18.94 
18.94 
18.94 
18.94 

99.5 
99.5 
99.5 
99.5 

2405 
2405 
2405 
2405 

M.  R.-135-55 
M.  R.-135^ 
M.  R.-135-55 
M.  R.-135-55 

5 
6 

7 
8 

R 
R 

L 
L 

h 

C 

h 

C 

49.9 
58.8 
55.0 
53.4 

25.47 
25.47 
25.47 
25.47 

183.8 
133.8 
133.8 
188.8 
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APPENDIX  V 
Comparison  op  Lono  and  Short  Tests 

In  connection  with  this  series  of  tests,  the  question  arose  as  to  the 
desirability  or  necessity  of  running  tests  of  such  a  length  that  the 
amount  of  coal  burned  would  be  about  the  same  as  a  freight  locomo- 
tive would  bum  in  making  a  trip  over  an  ordinary  railroad  division. 
This  included  questions  such  as  that  concerning  the  relative  reliability 
of  short  tests  burning  from  4  to  6  tons  of  coal,  and  of  longer  tests 
burning  from  10  to  12  tons;  and  that  of  the  relative  performance 
during  the  first,  middle  and  last  parts  of  a  test  burning  10  or  12  tons 
of  coal. 

In  order  to  determine  to  some  extent  the  difference  in  boiler  per- 
formance which  might  occur  during  short  and  long  tests  and  during 
different  parts  of  a  test,  the  observations  were  so  taken  that  the  exact 
amount  of  water  evaporated  by  the  boiler  could  be  determined  for 
intervals  corresponding  to  the  firing  of  each  2000  pounds  of  coal  dur- 
ing the  medium  rate  tests,  and  corresponding  to  the  firing  of  each 
4000  pounds  of  coal  during  the  high  rate  tests. 

For  the  purpose  of  making  comparisons,  six  tests — ^three  at  the 
medium  rate  and  three  at  the  high  rate — ^have  been  selected  and 
divided  into  shorter  tests.  From  8^^  to  10%  tons  of  coal  were  burned 
during  each  of  these  six  tests.  The  test  data  for  each  entire  test  were 
divided  into  three  parts,  resulting  in  data  for  eighteen  comparatively 
short  tests  together  with  the  data  for  the  six  original  tests.  With  the 
data  and  results  of  the  24  tests  thus  obtained  it  is  possible  to  make 
the  following  comparisons:  First,  between  long  and  short  tests; 
second,  between  the  first,  middle  and  last  portions  of  a  given  test; 
and  third,  between  the  different  portions  and  the  entire  test. 

Table  28  presents  the  significant  data  and  results  for  the  24  tests. 
Six  groups  of  four  tests  each  appear  in  the  table.  •  In  each  group  sec- 
tions a,  b  and  c  present,  respectively  the  first,  middle,  t^nd  last  portion 
of  the  entire  test,  developed  as  separate  and  distinct  units.  Immedi- 
ately following  the  data  for  these  three  portions  appear  the  corre- 
sponding results  for  the  entire  test. 

The  length  of  the  different  tests  is  shown  in  Columns  3,  4,  5  and  6 
of  Table  28.  The  entire  medium  rate  tests  were  approximately  6 
hours  long  and  the  entire  high  rate  tests  3  hours  long.    The  divided 
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tests  varied  in  length  from  about  one-half  hour  to  two  and  one-half 
hours.  From  224  to  271  pounds  of  coal  were  burned  per  square  foot 
of  grate  during  each  entire  test  while  for  the  divided  tests  the  corre- 
sponding amounts  vary  from  52  to  115  pounds  of  coal  per  square  foot 
of  grate.  The  equivalent  evaporation  per  square  foot  of  heating  sur- 
face varied  for  the  entire  tests  from  33  to  40  pounds  and  for  the 
divided  tests  from  6  to  16  pounds.  At  the  University  of  Illinois  loco- 
motive laboratory  about  150  pounds  of  coal  burned  per  square  foot 
of  grate,  or  from  15  to  20  pounds  of  equivalent  evaporation  per  square 
foot  of  heating  surface,  have  been  considered  as  su£Eicient  to  avoid  any 
serious  errors  in  test  results  arising  from  inaccuracies  in  coal  and 
water  measurements. 

Table  28 

Test  Conditions  and  Principal  Resxti/ts  roR  Six  Tests,  which  have 

BEEN  Divided  into  Three  Tests  Each 


1 

2 

S            4            5            6 

7 

8 

9 

10     1      U 

12 

Section 

of 

Teet 

or 

Entire 

Test 

Length  of  Test 

Speed 

in 
MUes 

^Mir 

Pressure 
lb.  per  sq.  in. 

Temperature 
Degrees  F. 

Min- 
utes 

Hours 

Dry 

Coal 

Burned 

per 

G.ate 
During 

the 
Test 

lb. 

Equiv- 
alent 
Evapo- 
ration 

per 

Sq.Ft. 

ofH.S. 

During 

the 

Test 

lb. 

Teot 

NUMBBB 

Ratb 

AND 

Size 

BoUer 
Gauge 

Branoh- 
Gauge 

Front- 
end 

Branch- 
pipe 

Fire- 
box 

Code  Item  ^V 

846 

863 

880 

888 

867 

870 

874 

2401 

Medium 

Mine 

Run 

a 

b 

c 

Entire 

114 
151 
112 
877 

1.90 
2.52 
1.87 
6.28 

79.2 
105.6 

79.2 
264.1 

12.0 
16.4 
11.3 
86.7 

18.9 
19.0 
18.8 
18.9 

190.0 
190.0 
190.3 
190.0 

172 
172 
172 
172 

539 
633 
532 
636 

566 
564 
566 
666 

1774 
1835 
1907 
1886 

2402 

Medium 

Mine 

Run 

a 
b 

Entire 

107 

115 

90 

312 

1.78 
1.92 
1.60 
6.20 

79.0 

79.0 

65.9 

228.9 

11.7 

12.4 

9.6 

88.7 

19.1 
18.9 
18.9 
19.0 

190.4 
190.1 
190.1 
190.2 

176 
172 
173 
174 

637 
542 
637 
689 

566 
563 
665 
664 

1772 
1847 
1826 
1812 

2416 

Medium 

3'x6' 

Egg 

a 
b 

0 

Bnttro 

106 
141 
103 
800 

1.77 
2.35 
1.72 
6.88 

78.1 
104.1 

76.9 
269.1 

12.0 
15.7 
11.7 
86.4 

19.0 
18.8 
19.0 
U.9 

189.3 
189.5 
189.5 
189.6 

180 
180 
180 
180 

641 
636 
544 
640 

574 
572 
577 
674 

1852 
1759 
1794 
1801 

2405 
High 
Mine 
Run 

a 

b 

c 

Entire 

69 

31 

63 

168 

1.15 
0.52 
1.06 
2.72 

105.2 

52.6 

105.2 

262.9 

14.0 

6.4 

12.9 

38.8 

25.1 
25.2 
26.0 
26.6 

189.1 
188.7 
185.9 
187.8 

168 
169 
168 
188 

628 
627 
625 
627 

628 
628 
628 
628 

2284 
2238 
2279 
2271 

2406 
High 
Mine 
Run 

a 
b 

0 

Entire 

72 

34 

55 

161 

1.20 
0.57 
0.92 
2.68 

105.3 
52.6 
87.2 

246.1 

14.7 

7.0 

11.0 

82.7 

25.6 
25.7 
25.7 
26.6 

187.8 
188.5 
187.1 
187.8 

167 
169 
168 
167 

631 
632 
630 
631 

629 
630 
634 
681 

2257 
2320 
2467 
2384 

2413 

High 

2'x3' 

Nut 

a 

b 

c 

Entire 

72 

34 

74 

180 

1.20 
0.57 
1.23 
8.00 

104.3 

52.2 

114.9 

271.3 

14.8 

7.3 

15.2 

87.3 

25.7 
25.7 
25.7 
26.7 

187.3 
186.5 
187.3 
187.1 

168 
168 
168 
168 

616 
616 
602 
611 

628 
632 
636 
682 

2227 
2271 
2305 
2267 
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Table  2S  (Continued) 

TbBT  CONDmONB  AND  PRINCIPAL  RESULTS  FOR  SiX  TbSTS,   WHICH  HAVE 

BEEN  Divided  into  Three  Tests  Each 


1 

a 

18 

14 

16 

16 

17 

U 

19 

20 

21 

22 

Draft 

Coal  as  Fired 

Dry  Coal 

in 

.  of  Water 

lb. 

lb. 

Twrr 

NuMBn 

Ratb 

Section 

of 
Test 

Front- 
end 

Draw- 
bar 
Pull 
lb. 

De- 

T 

Per 
Hour 

Per 
Hour 

AND 

Siu 

or 
Entire 
Test 

Front 

of 
Dia- 
phragm 

Fire- 
box 

Ash- 
pan 

Supers 
heat 

Total 

Per 
Hour 

per 

Per 
Hour 

per 

Sq.ft. 

of 

Grate 
SuHaoe 

Grate 
Surface 

CodelU 

ym^^W 

9M 

896 

897 

487 

409 

418 

626 

627 

2401 

a 

2.7 

1.3 

0.2 

21463 

190 

6000 

3158 

46.2 

2911 

41.7 

Msdium 

b 

2.9 

1.6 

0.2 

21833 

188 

8000 

3178 

46.5 

2929 

42.0 

Mine 

0 

2.8 

1.6 

0.2 

21864 

190 

6000 

3214 

46.1 

2962 

42.4 

Run 

Entire 

2.8 

1.6 

0.2 

21727 

190 

20000 

8188 

46.6 

2984 

42.0 

2402 

a 

2.9 

1.4 

0.2 

21873 

187 

6000 

3366 

48.2 

3094 

44.3 

Medium 

b 

3.0 

1.7 

0.2 

21885 

187 

6000 

3130 

44.8 

2877 

41.2 

Mine 

c 

3.0 

1.7 

0.2 

21684 

189 

6000 

3333 

47.8 

3065 

43.9 

Run 

Bntfre 

8.0 

1.6 

0.2 

187 

17000 

8269 

46.8 

3006 

48.1 

2416 

a 

3.4 

1.6 

0.2 

22782 

196 

6000 

3396 

48.7 

3084 

44.2 

Medium 

b 

3.6 

1.8 

0.2 

23262 

193 

8000 

3404 

48.8 

3092 

44.3 

3'x6' 

0 

3.7 

1.9 

0.2 

23231 

198 

6916 

3446 

49.4 

3129 

44.8 

Egg 

Entire 

8.6 

1.7 

0.2 

28116 

195 

19916 

8414 

48.9 

8101 

44.4 

2405 

a 

8.2 

4.1 

0.4 

28879 

254 

8000 

6967 

99.7 

6382 

91.4 

High 

b 

8.6 

4.3 

0.4 

28708 

263 

4000 

7737 

110.9 

7099 

101.7 

Mine 

c 

8.6 

4.4 

0.4 

28687 

254 

8000 

7619 

109.2 

6990 

100.2 

Run 

Enttr^ 

8.4 

4.2 

0.4 

28771 

254 

20000 

7861 

106.6 

6758 

96.8 

2406 

a 

8.6 

4.2 

0.4 

28600 

265 

8000 

6667 

95.5 

6122 

87.7 

High 

b 

8.8 

4.6 

0.4 

29183 

265 

4000 

7065 

101.1 

6480 

92.8 

Mine 

c 

8.7 

4.1 

0.4 

28642 

260 

6630 

7230 

103.6 

6640 

95.1 

Run 

Entire 

8.6 

4.8 

0.4 

28718 

267 

18680 

6044 

99.6 

6877 

91.4 

2413 

a 

8.9 

4.0 

0.6 

28791 

263 

8000 

6667 

95.5 

6067 

86.9 

High 

b 

9.2 

4.4 

0.6 

29407 

267 

4000 

7055 

101.1 

6420 

92.0 

2'x3' 

c 

9.6 

4.7 

0.5 

29294 

261 

8811 

7146 

102.4 

6503 

93.2 

Nut 

Enttre 

9.2 

4.4 

0.6 

29100 

268 

20811 

6987 

99.4 

6818 

90.4 

Examination  of  the  data  shows  that  test  conditions  with  regard  to 
speed,  pressures,  temperatures,  drafts,  drawbar  pull,  and  quality  of 
steam  were  very  uniform  as  between  the  first,  middle,  and  final  sections 
of  each  test,  with  the  single  exception  of  fire-box  temperature.  In 
general  the  temperature  in  the  fire-box  increased  somewhat  as  the  test 
proceeded. 

Columns  22  and  29  show,  respectively,  the  rate  of  combustion 
expressed  in  dry  coal  per  square  foot  of  grate  per  hour,  and  the  rate 
of  evaporation  expressed  in  equivalent  evaporation  per  square  foot  of 
heating  surface  per  hour.  During  the  medium  rate  tests  these  rates 
were  quite  uniform  through  the  3  sections  of  each  entire  test.  During 
the  high  rate  tests  the  rate  of  combustion  increased-  as  each  test  pro- 
ceeded, the  greater  part^of  this  increase  occurring  during  the  first 
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Table  28  (Concluded) 

Test  Conditions  and  Principal  RBsxn/rs  for  Six  Tests,  which  hays 

BEEN  Divided  into  Three  Tests  Each 


1 

a 

2S 

24     1      28 

96 

27 

28 

29 

SO 

81 

82 

Tkst 

NuMBn 

lUra 

AND 

SiSK 

Section 

of 

Test 

or 

Entire 

Test 

Quality 

of 
Steam 

in 
Dome 

Superheated  Steam 
lb. 

Equivalent 

Evaporation 

lb. 

B.t,u. 
Ab- 

Per 
Hour 

Per 
Sq.ft. 

of 
Heating 
Surface 

Hour 

Per 
Pound 

of 
Coal 

as 
Fired 

Per 

Pound 

of 

Dry 
Coal 

Per 
Hour 

Heating 
Surface 

Hour 

Per 

Pound 

of 

Dry 

Coal 

Boder 
per  lb. 

of 
Coal 

as 
Fired 

Boiler 
Effi- 
ciency 
Per 
Cent 

Code  Item  ^V" 

407 

646 

648 

666 

666 

2401 

Medium 

Mine 

Run 

a 
b 

0 

Entire 

U.9773 
0.9798 
0.9802 
0.9791 

22405 
22973 
21390 
28828 

4.81 
4.93 
4.59 
4.79 

7.09 
7.23 
6.66 
7.01 

7.70 
7.85 
7.23 
7.61 

29507 
30278 
28213 
29461 

6.33 
6.50 
6.05 
6.82 

10.14 

10.34 

9.53 

10.04 

9076 
9260 
8532 
8988 

75.68 
77.22 
71.14 
74.96 

2402 

Medium 

Mine 

Run 

a 

b 

c 

Entire 

0.9789 
0.9803 
0.9807 
0.9801 

23217 
22961 
22710 
22970 

4.98 
4.92 
4.87 
4.93 

6.90 
7.33 
6.82 
7.02 

7.51 
7.98 
7.41 
7.64 

30440 
30217 
29886 
80188 

6.53 
6.48 
6.41 
6.48 

9.84 
10.50 

9.75 
10.04 

8794 
9377 
8716 
8960 

73.99 
78.90 
73.34 
76.46 

2416 

Medium 

3'x6' 

Egg 

a 

b 

c 

Entire 

0.9888 
0.9883 
0.9886 
0.9886 

24037 
23557 
23952 

5.16 
5.05 
5.14 
5.U 

7.08 
6.92 
6.95 
6.97 

7.80 
7.62 
7.65 
7.67 

81729 
31143 
31736 
81448 

6.81 
6.68 
6.81 
6.76 

10.29 
10.07 
10.14 
10.14 

9076 
8891 
8949 
8949 

76.15 
74.60 
75.09 
76.09 

2405 
High 
Mine 
Run 

a 
b 

0 

Entire 

0.9612 
0.9622 
0.9660 
0.9828 

41962 
42155 
42176 
42176 

9.01 
9.09 
9.05 
9.06 

6.03 
5.48 
5.54 
6.78 

6.58 
5.96 
6.03 
6.24 

56649 
57306 
57107 
87022 

12.16 
12.30 
12.25 
12.24 

8.88 
8.07 
8.17 
8.44 

7910 
7200 
7288 
7681 

67.30 
61.27 
62.01 
64.08 

2406 
High 
Mine 
Run 

a 
b 

0 

Entire 

0.9579 
0.9607 
0.9549 
0.9074 

42309 
42321 
41200 
41946 

9.08 
9.08 
8.84 
9.00 

6.35 
6.00 
5.70 
6.04 

6.91 
6.53 
6.20 
6.68 

57201 
57345 
55909 
66796 

12.27 
12.31 
12.00 
12.19 

9.34 
8.85 
8.42 
8.91 

8337 
7900 
7498 
7948 

70.20 
66.52 
63.14 
66.98 

2413 
High 
2'x3' 
Nut 

a 
b 
c 
Entire 

0.9449 
0.9478 
0.9489 
0.9470 

42374 
44272 
42381 
42720 

9.09 
9.50 
9.09 
9.17 

6.36 
6.28 
5.93 
6.16 

6.98 
6.90 
6.52 
6.77 

57332 
60077 
57553 
67929 

12.30 
12.89 
12.35 
12.48 

9.45 
9.36 
8.85 
9.U 

8357 
8279 
7822 
8U4 

69.70 
69.05 
65.24 
67.67 

section.  During  the  high  rate  tests  the  rate  of  evaporation  increased 
with  the  increasing  rate  of  combustion  during  the  first  part  of  the 
test,  but  decreased  during  the  latter  part.  This  indication  of  some- 
what poorer  performance  during  the  latter  part  of  a  long  test  is  shown 
more  exactly  by  the  values  relating  to  efliciency. 

Columns  30,  31  end  32  show  the  efilciency  of  the  locomotive  boiler 
as  a  heat  transferring  device.  For  the  medium  rate  tests  the  results 
indicate  that  the  efilciency  during  the  first  and  middle  sections  of 
the  tests  was  higher  than  during  the  last  section.  For  two  out  of 
three  of  the  medium  rate  tests  the  middle  section  showed  a  materially 
higher  eflBciency.than  either  the  first  or  last  sections.  For  the  high 
rate  tests  eflBciency  decreased  in  general  frqpi  the  first  to  the  last  sec- 
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tion  of  each  test,  showing  the  best  performance  during  the  first  part 
of  the  test  and  poorer  performance  as  the  test  proceeded. 

The  differences  in  performance  which  have  been  pointed  out  as 
existing  between  different  parts  of  a  long  test  are  in  general  small. 
Where  test  conditions  are  not  unusual  and  are  under  control,  as  is  the 
case  in  a  testing  laboratory,  and  where  it  is  possible  to  maintain  uni- 
formly good  fire-box  conditions,  short  tests  should  give  almost  as  relia- 
ble and  almost  the  same  results  regarding  evaporative  performance 
and  efficiency  as  much  longer  tests. 

Boiler  efficiency  in  general  decreases  as  a  test  proceeds,  so  that, 
in  so  far  as  differences  in  efficiency  exist,  the  average  result  for  a 
long  test  would  be  lower  than  for  a  short  test  corresponding  to  the 
first  part  of  the  long  test,  and  higher  than  for  a  short  test  corre- 
sponding to  the  last  part  of  the  long  test.  Boiler  efficiency  is  more 
apt  to  be  uniform  throughout  long  tests  at  medium  rates  of  combustion 
'  than  at  high  rates  of  combustion. 

The  coal  used  during  these  tests  gave  little  trouble  in  the  firebox, 
a  very  small  amount  of  clinkers  being  formed  and  the  ash  being  readily 
removed.  With  coal  which  clinkers  badly  or  which  produces  excessive 
honeycombing,  the  variations  in  performance  between  different  parts 
of  a  long  test  might  be  much  greater  than  those  here  shown. 
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•BulUtin  No.  91.  Sub«denoe  Resulting  from  Mining,  by  L.  E.  Young  and  H.  H.  Stock.    1016. 

*BulUtin  No.  9M.  The  Tractive  Resistance  on  Curves  of  a  28-Ton  Electric  Car,  by  E.  C.  Schmidt 
and  H.  H.  Dunn.     1910.     2V«iUMm  emU: 

^ButUtin  No.  98.  A  Preliminary  Study  of  the  Alloys  of  Chromium,  Copper,  and  Nickel,  by  D.  F. 
McFarland  and  O.  E.  Harder.     1916.     ThiHy-JIwo  esnte. 

^BtdUtin  No.  94»  The  Embrittling  Action  of  Sodium  Hydroxide  on  Soft  Steel,  by  8.  W.  Parr. 
1017.     Thirty  eent$. 

*BuU4tin  No.  96.  Manetic  and  Other  Properties  of  Iron-Aluminum  Alloys  Melted  in  Vacuo,  by 
Trygve  D.  Yensen  and  Walter  A.  Qatward.     1017.    Twwty-fiw  eent$. 

^Bulletin  No.  96.  The  Effect  of  Mouthpieces  on  the  Flow  of  Water  Through  a  Submerged  Short 
Pipe,  by  F^ed  B.  Seely.     1017.     TtPoiUy-fiwe  centt. 

*BulUtin  No.  97.  Effects  of  Storage  Upon  the  Properties  of  Coal,  by  S.  W.  Parr.    1017.     Twenty 
cent: 

^Bulletin  No.  98.  Testa  of  Ozjracetylene  Welded  Jointo  in  Steel  Plates,  by  Herbert  F.  Moore. 
1017.     Ten  eente. 

Ciretdar  No.  4-  The  Economical  Purchase  and  Use  of  Coal  for  Heating  Homes  with  Special 
Reference  to  Conditions  in  Illinois.     1017.     Ten  eente. 

*Bulkiin  No.  99.  The  CoU^ms  of  Short  Thin  Tubes,  by  A.  P.  Carman.     1017.    Tioenty  eente. 

*Cireutar  No.  6.    The  Utilisation  of  Pjrrite  Occurring  in  Illinois  Bituminous  Coal,  by  E.  A. 
HdbroQk.     1017.     rvsnty  emUe. 

^BuUetin  No.  100.  Percentage  of  Extraction  of  Bituminous  Coal  with  Special  Reference  to  Illinois 
Conditions,  by  C.  M.  Young.     1017. 

*BulUtin  No.  101.  Comparative  Tests  of  Six  Sises  of  Illinois  Coal  on  a  Mikado  Locomotive,  by 
E.  C.  Schmidt,  J.  M.  Snodgrass,  and  O.  S.  Beyer,  Jr.     1917.    Fifty  eente. 

*  A  limited  number  of  copies  of  bulletins  starred  is  available  for  free  distribution. 
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THE  UNIVERSITY  OF  ILLINOIS 
THE  Sf  ATE  UNIVERSITY 

Urbana  ^ 

Edmttnd  J.  Jambs,  Ph.  D.,  LL.  D.,  President 


THE  UNIVERSITT  INCLUDES  THE  FOLLOWING  DEPARTMENTS; 

The  Graduate  School 

The  College  of  Liberal  Arts  and  Sciences  (Ancient  and  Modem  Languages  and 
Literatures;  History,  Econoinios,  Political  Science,  Sociologjr;  Philosophy^ 
P^chology,  Vacation;  Mathematicsj  Astronomy;  Geology;  Physics;  Chemistry; 
Botany,  Zoology,  Entomology;  Physiology;  Aft  and  Design) 


The  College  of  Commerce  and  Business  Administration  (General  Bii^esS,  Bank- 
ing, Insurance,  Accountancy,  Railway  Administration,  Foreign  C>>mmerce; 
Courses  for  Comm^cial  Teasers  and  Commercial  and  Civic  Secretaries) 


The  College  of  Enj^eering  (Architecture;  Architectural,  Ceramic,  CTvil,  Electrical 
MechMiical,  Mining,  Municipal  and  Sanitary,  and  lUilway  Eng^eering) 

The  College  of  Agriculture  (Agronomy;  Animal  Husbandry:  Dairy  Husbandry: 
Horticulture  and  Landscape  Gardening;  Agricultural  Extension;  Teachers' 
Course;  Household  Science) 

The  College  of  Law  (three  years'  course) 

The  School  of  Education 

The  Course  in  Journalism 

The  Courses  in  Chemistry  and  Chemical  Engineering 

The  Sdiool  of  Railway  Engineeriiig  and  AdministratiQn 

Hie  School  of  Music  (four  years'  course) 

The  S«hool  of  Library  Sdence  (two  yeare'  course) 

The  College  of  Medidne  (in  Chicago) 

The  College  of  Dentistry  (in  Chicago) 

The  School  of  Pharmacy  (in  Chicago;  Ph.  G.  and  Ph.X>.  courses) 

The  Summer  Session  (eight  weeks) 

Ezperiinent  Stations  and  Scientific  Bureaus:  U.  S.  Agricultural  Experiment 
Station;  En^eering  Expmment  Station;  State  Lc^boratory  of  Natural  His- 
tory; State  Entomologist's  Office;  Biological  Experiment  Station  on  Illinois 
River;  State  Water  Survey;  State  Creological  Survey;  U.  S.  Bureau  of  Mines 
Experiment  Station. 

The  library  collections  contam  (July  1,  1017)  400,720  volumes  and  1Q2,029  pam- 
phlets. 

For  catalogs  and  information  address 

the  registrar 
.  Ubbana,  Ilunohi 
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